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ABSTRACT
THE EFFECTS OF A MATH-FACT FFUENCY INTERVENTION ON THE
COMPLEX CALCULATION AND APPLICATION PERFORMANCE OF FOURTH
GRADE STUDENTS
MAY 2008
KRISTIN E. EZBICKI, B.A., OBERLIN COLLEGE
M.Ed., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Gary Stoner

This research study investigated whether gains in addition and multiplication fact
fluency caused gains in subtraction and division fact fluency, as well as gains in other,
more complex, grade level math skills. Participants were 22 fourth grade students. The
study employed a between groups, pre-post test design with matched control group.
Intervention involved an 8-week, home based program, targeting addition and
multiplication fact fluency. Intervention methods involved the use of short, timed drills,
with immediate graphed feedback of the student’s accuracy and speed, as well the use of
strategy instruction, untimed practice, and goal setting. Results suggested the intervention
had a large and significant effect on increasing addition and multiplication fact fluency
within an 8-week intervention period. Evidence of transfer to non-targeted math-facts
was found in a medium but non-significant effect on both subtraction and division fact
fluency. There was no evidence of transfer on measures of assorted grade-level complex
computation problems and assorted grade level applied math problems. Limitations of the
study, implications for practice, as well as future directions are discussed.
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CHAPTER 1
STATEMENT OF THE PROBLEM
After many years of research in the area of reading instruction, U.S. schools now
are beginning to implement evidence based instructional methods and curricula that
effectively teach students to read, and prevent later reading problems (U.S. Department
of Education, 2005). The No Child Left Behind Act of 2002, with its emphasis on
outcomes and annual state wide academic proficiency testing, has encouraged schools to
adopt such evidence based methods (U.S. Department of Education, 2003). Compared to
the area of reading, however, educators have much less information on effective
mathematics instruction and interventions for learners struggling to develop math skills
(Fuchs, Compton, Fuchs, Paulsen, Bryant, & Hamlett, 2005). Fuchs and Fuchs (2001)
write that prevention of mathematics difficulties in this country is generally ineffective
not only for students with learning disabilities, but also for nondisabled learners.
Ineffective mathematics instruction and a lack of knowledge of effective
interventions is undesirable considering the evidence that U.S. students perform poorly in
mathematics compared with students in other industrialized nations. Most recent results
from the Trends in International Mathematics and Science Study (TIMSS), 2003, the
third such study since 1995, reveal that U.S. fourth graders performed lower than their
peers in 11 countries (Singapore, Hong Kong, Japan and Chinese Taipei being the top
lour). U.S. eighth graders performed lower than students in 9 countries (again Singapore, Hong Kong, Chinese Taipei, and Japan being the top four) (Gonzales,
Guzman, Partelow, Pahlke, Jocelyn, Kastberg, & Williams, 2004). What is more, the
relative standing of U.S. fourth graders was lower in 2003 than it was in 1995. On the

2005 National Assessment of Educational Progress (NAEP), 20% of fourth grade
students performed below the “basic” level, and only 36% performed at or above the
“proficient” level. 31% of eighth graders performed below the “basic” level, and only
30% performed at or above the “proficient” level (Perie, Grigg, & Dion, 2005).
Specifically, researchers, and educators are concerned with students’ ability to
solve complex applied mathematics problems. (Codding, Eckert, Fanning, Shiyko, &
Solomon, 2007; Kilpatrick, Swafford, & Findell, 2001). This concern is reflected in the
vision statement of the National Council of Teachers of Mathematics (NCTM) in which
the goals include that all students will be able to “confidently engage in complex
mathematical tasks chosen carefully by teachers,” “draw on knowledge from a wide
variety of mathematical topics,” solve problems flexibly and resourcefully, and
communicate mathematical ideas effectively (National Council of Teachers of
Mathematics, 2000). This concern also is reflected in states’ math proficiency tests. For
example, many of the problems found on 4th, 6th, and 8th grade Massachusetts
Comprehensive Assessment System (MCAS) are multi-step applied mathematics
problems.
Clearly the ability to solve complex mathematical problems is a valuable skill. A
critical question for both researchers and practitioners is how to insure such skill is
acquired in public schools? Answers to this question have frequently been dichotomous,
with many urging schools to teach for conceptual understanding and discovery of patterns
and relationships, while others call for a return to the basics (Klein, 2003).
Those who espouse emphasizing meaning making, conceptual understanding, and
problem solving, may view rote learning activities (memorization, drilling basic skills) as
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meaningless and too time consuming, especially in a day and age when tools such as
calculators are viewed as adequate replacements for internal calculation skills (Cumming
& Elkins, 1999). Those who call for a return to the basics argue that students need to be
fluent in the basic mechanics and algorithms of computation, as well as some well known
basic number combinations (math-facts) in order to carry out higher level problem
solving (Waite-Stupiansky & Stupiansky, 1998; Wu, 1999). This debate that pits teaching
meaning/understanding against teaching memorized, automatic performance of facts and
algorithms continues to exist most likely because problem solving and computation skills
are olten thought of as independent and even competing goals in mathematics instruction.
In reality, these skill areas are not in competition and may be highly dependent on each
other (Wu, 1999).
Math-Fact Automaticitv and Mathematics Proficiency
Evidence of the interdependence between fluency with basic computation skills
and higher order problem solving is demonstrated in the repeated finding that a robust
correlation exists between the speed at which individuals can correctly retrieve basic
math-tacts and their overall mathematics performance or proficiency (Balow, 1964;
Cumming & Elkins, 1999; Dowker, 1998; Geary & Brown, 1991; Geary, Brown, &
Samaranayake, 1991; Geary, Liu, Chen, Saults, & Hoard, 1999; Kail & Hall, 1999;
Royer, Tronsky, Chan, Jackson, & Marchant III, 1999: Thurber, Shinn, & Smolkowski,
2002: Tronsky & Royer, 2003; Widaman. Little, Geary, & Cormier, 1992; Zental, 1990).
Basic math-facts are often defined as single-digit by single-digit problems in any of the
four operations: addition, subtraction, multiplication, and division (Christensen & Gerber,
1990; Garnett & Fleischner, 1983; Geary et ah, 1991; Hasselbring, Coin, & Bransford,
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1988; Stein, Silbert, & Carnine, 1997); while more complex math skills may include
multiple digit computation problems and applied math problems. The two have been
linked, for example, in correlational studies demonstrating that the frequency of correct
addition fact retrievals was a significant predictor of second, fourth, and sixth graders’
performance on a standardized test of mathematics (Geary et ah, 1991; Widaman et ah,
1992). Another study found that speed of basic fact performance correlated moderately
(.50-.55) with performance on tests of applied mathematics (Stanford Diagnostic
Mathematics Test applications problems and California Achievement Test applications
problems) (Thurber et ah, 2002). This correlation also appears to exist independent of
students' general processing speed abilities, as was shown in studies conducted by Kail
and Hall (1999) and Widaman et ah (1992).
More evidence of the link between speed of basic math-fact retrieval and overall
math achievement comes from studies of high performing students. For example, in an
attempt to investigate factors that may explain gender differences in math test
performance between high performing males and females, Royer et ah (1999)
demonstrated a persistent strong correlation between math-fact retrieval speed and
performance on tests of math computation and applications (e.g. word problems) in
students in grades 5 though 8, and in college. In addition, Royer et ah (1999) found that
Chinese students from Hong Kong performed basic calculations faster than ChineseAmerican students; and both Hong Kong and Chinese-American students performed
basic calculations faster than Anglo-American students. Taking these results into account
along with findings from international achievement testing (discussed previously) would
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support the conclusion that students who perform well in mathematics, demonstrate
proficiency with basic facts as well as more complex, applied problem solving.
Even more correlational evidence is found in studies of students with mathematics
disabilities. Despite the fact that math disabilities have been studied less frequently over
the last twenty years than reading disabilities, researchers have now come to a consensus
on the major features characterizing low achieving mathematics students and / or students
with learning disabilities in mathematics (Gersten, Jordan, & Flojo, 2005; Robinson,
Menchetti, & Torgesen, 2002). Based on correlational and longitudinal studies of
children in elementary and secondary schools, researchers agree that poor retrieval
(recall) of math-facts is the most common characteristic shared among students who have
difficulty in mathematics (Carr & Hettinger, 2003; Cumming & Elkins, 1999; Geary,
1994; Geary & Brown, 1991; Geary & Hoard, 2003; Gersten et al, 2005; Hanich et al.,
2001; Hasselbring, Goin, & Bransford, 1988; Jordan, Hanich, & Kaplan, 2003; Jordan &
Montani, 1997; Kirby & Becker, 1988; Ostad, 1997, 2000; Pellegrino & Goldman, 1987;
Robinson, Menchetti, & Torgesen, 2002; Stein et ah, 1997; Zentall, 1990). Although low
achieving math students will often be comparable to average peers in the learning
mathematical concepts, they continue to demonstrate poor retrieval of basic facts
throughout their elementary and secondary years (Geary, 2004; Hanich et ah, 2001;
Jordan et ah, 2003).
Two studies in particular help to demonstrate differences in math-fact speed
between students with average mathematics skills and those who perform poorly in
mathematics. In a study of the mathematics performance of seventh and eighth °rade
students, classified as either “normal,” “learning disabled,” or “attention disordered,”
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Zentall (1990) demonstrated that math-fact retrieval speed, not accuracy alone,
significantly predicted word problem performance and differentiated between the three
groups of students. Both learning disabled and attention disordered students had slower
basic fact retrieval speeds than students classified as normal, with learning disabled
students performing slowest. This study also affirmed the observation that students with
learning disabilities do not outgrow their deficits in basic math-facts, even by seventh and
eighth grade.
A study with a similar but more longitudinal focus was conducted by Jordan et al.
(2003). These researchers tracked early elementary children’s performance in
mathematics for two years and compared the progress of children who had demonstrated
mastery in basic math-facts to children who had not demonstrated mastery of basic mathfacts. Mastery was defined as performing math-facts in three seconds or less. They found
that although the two groups of children developed skills at solving untimed word
problems and untimed basic fact problems at similar rates, children who demonstrated
poor fact mastery made very little growth in basic fact fluency (over two years).
Conversely, children with solid fact mastery continued to make math-fact fluency gains
over time (Jordan et al., 2003).
Contributions of Strategy Choice to Speed
Evidence also suggests low performing math students are not just slower at
computing math-fact problems, but they are slower due to use of inefficient computation
strategies (Carr & Hettinger, 2003; Cumming & Elkins, 1999; Geary, 1994; Geary &
Brown, 1991; Geary et al., 1991; Hanich et al., 2001). Studies of average skilled
children’s basic fact calculation strategy development yield a consistent pattern. Least
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efficient strategies, such as counting all objects or fingers to find a total, give way to
more efficient strategies such as starting with the bigger number and counting on the
second number to find a total; eventually students begin to retrieve answers to fact
problems from memory. Retrieval becomes the preferred strategy because it is most
efficient and reliable (Crawford, 2007; Garnett, 1992). Many students shift to using the
retrieval strategy in third and fourth grades, and most students use retrieval for the
majority of facts by the fifth and sixth grades (Ashcraft & Fierman, 1982; Cooney,
Swanson, & Ladd, 1988; Crawford, 2007; Koshmider & Ashcraft, 1991; Widaman et al.,
1992). Children who perform poorly in mathematics, however, persist in using less
efficient strategies, such as finger counting, to solve basic math-fact problems, and do not
develop retrieval as a dominant strategy (Carr and Hettinger, 2003; Hanich et al., 2001).
Less efficient strategies not only take more time to execute, but they are more prone to
errors (miscounting) (Cumming & Elkins, 1999; Hanich et al., 2001).
Theoretical Explanations
Researchers have speculated there is a causal relationship between math-fact
retrieval speed and performance on more complex mathematics problems such that mathtact automaticity facilitates development of higher level mathematics (Gersten et al.,
2005; Pellegrino & Goldman, 1987; Robinson et al., 2002; Royer & Tronsky, 1998;
Royer et al., 1999; Tronsky & Royer, 2003). Based on this model, some plausible
theoretical explanations tor this relationship have been put forward. Cognitive
psychologists have speculated that automaticity of basic skills allows an individual to
save more cognitive resources for higher level problem solving. Other researchers
recognize the cumulative benefits of automatizing the basic skills throughout a student’s
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student life. Still others recognize the importance of basic skill automaticity to a student’s
motivation to engage in academic tasks.
Limited Cognitive Resources
One explanation is based on the notion of limited cognitive resources,
automaticity, and the theoretical construct of working memory. Cognitive psychologists
hold that successful complex problem solving depends in part on storing some
information temporarily in working memory. Working memory is typically defined as the
ability to hold information in mind while transforming or manipulating that or other
information, and is of limited capacity (Swanson, 1993; Tronsky & Royer, 2003).
Automaticity is typically defined as performance that is both highly accurate (almost
always 100%) and very fast, and is usually executed via direct retrieval from memory,
rather than from a multi-step procedure (Bargh, 1992; Brown & Bennett, 2002; Logan,
1997; Palmeri, 1999; Schneider & Chein, 2003). It is theorized that skills learned to the
point of automaticity need very little to no working memory capacity to execute
(Schneider & Chein, 2003; Shriffin & Schneider, 1977). Thus automatized skills are a
highly valued commodity to individuals who have to solve complex problems. The more
sub-skills are automatized, the more working memory resources can be allocated to
higher level problem solving, which typically takes a great deal of cognitive resources
(i.e. conscious effort, attention and working memory) (Gagne, 1983; Haberlandt, 1999;
Pellegrino & Goldman, 1987).
Similarly, experimental studies employing dual-task methods support the
generalization that as automaticity increases, demand on working memory decreases, and
the ability to perform two tasks simultaneously increases (DeStafano & LeFevre, 2004;
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Hecht, 2002; Klapp, Boches, Trabert, & Logan, 1991; Tronsky, 2005). Reading
researchers have invoked this cognitive processing model to explain the now well-known
relationship between word reading fluency and passage comprehension (LaBerge &
Samuels, 1974; Lyon, Shaywitz, & Shaywitz, 2003; Samuels, 1987; Therrein, 2004).
Therefore it is possible to hypothesize that given a multiple-step mathematics problem,
possessing automatized basic computation skills would leave more cognitive resources
lor organizing, reasoning, and selecting the best problem solution process (Garnett &
Fleischner, 1983; Hasselbring et al., 1988; Tronsky & Royer, 2003). Similarly, in the
context ol an exam situation with fixed amount of time to complete the exam, students
who have automatized their basic facts / computation skills simply save more time to
work on more questions on the exam (Royer et ah, 1999).
Opportunities to Respond
Being able to allocate sufficient cognitive resource space toward higher level
problem solving would not only have an immediate positive impact when solving a
problem that requires several steps, but also, over time would allow students more
opportunities to respond to instruction in more complex math skills (McCallum, Skinner,
Turner, & Saecker, 2006). Number of opportunities to respond has been demonstrated to
be strongly correlated with achievement (Greenwood, Delquadri, & Hall, 1984). Students
who are able to automatize math-facts early on in school would be more able to keep up
with the pace of math lessons (Gersten et ah, 2005). In addition, automatizing even some
of the basic facts would help students to quickly solve other basic fact problems by
deriving answers to unknown problems from answers to known problems (e.g. If I know
that 6+6 = 12, then 6+7 must equal 13) (Gersten et ah, 2005).
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Motivation
Related to the idea of opportunities to respond, is the idea of motivation to engage
in assigned math tasks. Feather (1982) theorized that motivation to engage in a task is the
product of the amount of success the student expects to have with the task, and the degree
to which the student values the task. This perspective could support the hypothesis that
students who have automatized the basic facts may have higher expectations for success
than students computing facts slowly and less accurately, and therefore may be more
highly motivated to engage in assigned math tasks. Another factor influencing student
motivation is effort. Students who have automatized the basic facts may find it easier to
compute more complex, multiple digit problems, and therefore may be more likely to
engage in assigned math tasks than students who have not automatized the basic facts and
find it difficult to compute complex problems (Gersten et al., 2005; Poncy, Skinner, &
O’Mara, 2006; McCallum et al., 2006).
In summary, several theories have been put forward by researchers attempting to
explain how automaticity with basic skills facilitates the development and the
performance of higher order, more complex skills. Automatized basic skills may allow
one to allocate more cognitive resources (e.g. attention and working memory) to higher
order thinking and problem solving. Automatized basic skills early on in a student’s
instruction may make participating in instruction easier, therefore resulting in more
opportunities to respond to academic tasks, which therefore results in learning and
practicing more complex skills, more frequently. Automatized basic skills may also
increase a student’s motivation to participate in academic tasks because a student is more
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confident that he or she will succeed at the task, and automaticity tends to make tasks
easier (therefore decreasing the amount of effort needed to participate).
Applied Experimental Evidence
Researchers and educators now have a large body of correlational evidence
supporting a link between the speed at which students can compute basic fact problems
and their skills at solving a wide variety of more complex mathematics problems. Does it
necessarily follow that educators should begin investing resources in instruction and
interventions to improve students’ math-fact automaticity? To answer this question, one
would look to evidence from applied experimental intervention research. If applied
experimental intervention research did in fact demonstrate the direct influence of mathfact interventions on other and future mathematics skills, there would be sufficient
evidence to support an important causal relationship (Chiappe, 2005; Tronsky & Royer,
2003). Establishing lack of math-fact fluency as a core cause of mathematics
underachievement would not only help to clarify the root causes and early indicators of
mathematics disability, but would help schools to more effectively prevent students from
failing in math, and intervene with students who are struggling in math. Unfortunately,
there exist very few such experimental studies at this time.
Several studies have been conducted to investigate the effects of various
intervention methods on the speed and accuracy of students’ math-facts (Bums, 2005;
Chiesa & Robertson, 2000; Codding, Lewandowski, & Eckert, 2005; Codding, Shiyko,
Russo, Birch, Fanning, and Jaspen, 2007; Hartnedy, Mozzoni, & Fahoum, 2005; Hayden
& McLaughlin, 2004, Jolivette, Lingo, & Houchins, 2006; Lee & Tingstrom, 1994;
\lc( allum, Skinner & Hutchins, 2004; McCallum, Skinner, Turner & Saecker, 2006;
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Miller Hall, & Heward, 1995; Poncy, Skinner, & Jaspers, 2007; Poncy, Skinner, &
O’Mara, 2006; Rhymer, Dittmer, & Skinner, 2000; Sante, McLaughlin, & Weber, 2001;
Sweeney, Sweeney, & Malanga, 2001; Tournaki, 2003; Woodward, 2006). The end goal
of most of these studies, however, has been to simply improve math-fact fluency or
automaticity and to find more effective ways of reaching this end. These studies are
reviewed in Chapter 2 of this manuscript. Only three published studies, and one
unpublished study, have directly addressed the issue of transfer or generalization:
whether improvement in math-fact fluency directly impacts students’ performance on
other mathematics skills (Royer & Tronsky, 1998; Singer-Dudek & Greer, 2005;
Tournaki, 2003; Van Houten, 1980).
Studies by Van Houten (1980) and Tournaki (2003) supported the hypothesis that
improving fluency in basic math-facts lead to improved fluency with more complex
computation skills. Van Houten (1980) cited an unpublished applied study in which
students aged 12 to 16, who were having difficulty conducting multidigit multiplication
and division problems, practiced basic multiplication facts using timed drills. As rate of
correct responses to basic multiplication fact problems increased, so did rate of correct
responses to multidigit multiplication and division problems. This investigation provided
some evidence of the direct effect of practicing math-facts to fluency on more complex
computation skills, however because the dependent measures were administered
repeatedly over time, one cannot rule out the alternative explanation of practice effects. A
study conducted by Tournaki (2003) with 84 students (second graders and student with
learning disabilities) found that improving fluency with basic addition facts resulted in
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improvement in fluency with extended problems containing three, single digit addends
(e.g. 4 + 3 + 2 = ).
Another experimental study, conducted by Royer and Tronsky (1998), trained the
parents of six students with math disabilities in grades 5, 6, and 7, to deliver timed drills
in addition facts five nights per week for six weeks. During the practice period, students
were assessed periodically on the speed and accuracy of their performance on addition,
subtraction, and multiplication basic fact performance. These assessments indicated that
during the addition practice period, students made progress not only on addition facts, but
on subtraction and multiplication facts as well. The authors hypothesized that transfer had
occurred between addition fact fluency and the non-targeted facts; however, without a
conti ol gioup, there is no way of judging whether the non-targeted facts improved due to
transfei / generalization, or whether they improved as they normally would over time, or
from exposure to weekly testing.
The most recent study investigating issues of transfer was conducted by SingerDudek & Greer (2005). These researchers hypothesized that students who learned
component skills (e.g. math-facts) to a fluency criterion would learn the composite skill
1 aster (e.g. more complex computation) than students who learned component skills to
only an accuracy criterion. Two groups of students with developmental disabilities were
trained on component skills (such as multiplication facts through the 3’s tables, or
addition facts sums to 10). One group practiced these skills to an accuracy criterion
(100% accuracy), while the other group learned the facts to a fluency (speed and
accuracy) criterion. Both groups then were taught the more complex, or composite skills
(e.g. multiplication ol 2 digit by 2 digit numbers containing digits 0 - 3). Results
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indicated that learning the component skills to a fluency criterion did not affect the
number of trials it took to learn the composite task; however, maintenance of the
composite skills (more complex skills) was significantly improved for the fluency group
relative to the accuracy group. This research was highly controlled in that participants did
not have prior exposure to the composite tasks before they were trained during the study.
In addition, researchers controlled for opportunities to respond by yoking accuracy
condition participants to fluency condition participants. However, the research was
limited in that it utilized severely disabled students and results of the study may not
generalize to students of average intellectual ability.
In summary, despite the vast correlational evidence that exists to support a
relationship between speed of basic math-fact retrieval and performance on other related
mathematics skills, experimental studies testing the causal relationship between these two
variables are few. Work by Van Houten (1980) and Royer & Tronsky (1998) are
intriguing in supporting a causal relationship between math-fact fluency and related,
more complex computation skills. However, both studies are limited because of the
absence of a control group and the possibility that practice effects could have been
responsible for results obtained. The study by Singer-Dudek & Greer (2005) is an
example of a high quality, highly controlled experiment, but may be limited in its
generalizability to higher functioning students.
Current Investigation
The current investigation intends to investigate the effects of a daily math-facts
fluency intervention on the complex, grade level computation and application
performance of fourth grade students whose mathematics skills range between below
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average to average. The current study replicates Royer & Tronsky’s (1998) work by
investigating whether there is transfer or generalization of increased math-fact fluency
from practiced facts (such as addition and multiplication) to non-practiced facts (such as
subtraction and division)? This study also replicates and extends previous studies that
found that gains in basic fact fluency led to gains in fluency on more complex
computation skills. Finally, the study investigates whether gains in basic fact fluency
leads to gains in fluency with applied math problems (e.g. word problems, multiple step
problems involving charts or graphs, etc.).
Since the time that this research was proposed, some changes to the research
questions have been made. Because only two operations were able to be targeted during
the intervention, the question concerning transfer between improvements made on those
two operations (addition and multiplication) to improvements on unpracticed math-facts
(subtraction and division) was added to the original proposal. This investigation, using a
between groups design with a matched control group, poses the following questions:
Research Question #1
What are the effects of improving students’ addition and multiplication fact
fluency on facts that were not targeted during the intervention: subtraction and division
facts? Based on findings from Royer and Tronsky’s 1998 study, as well as the
mathematical relationship between addition and subtraction, multiplication and division
(fact families), it is predicted that students in the experimental (intervention) condition
will improve their lluency in subtraction and division, relative to similar students in the
control group.
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Research Question #2
What are the effects of improving students’ basic math-fact automaticity on their
performance on more complex (grade level) math computation problems?
Based on the findings from studies by Van Houten (1980) and Tournaki (2003),
and because basic math-facts are embedded in more complex computation problems, it is
predicted that automatizing students’ basic math-facts will result in more gain on tests of
multi-digit computation (e.g. multi-digit problems requiring use of algorithms), relative
to similar students in the control group.
Research Question #3
What are the effects of improving students’ basic math-fact automaticity on their
performance on more complex (grade level) applied mathematics problems? Because
basic math-facts are embedded in applied math problems (such as word problems, or
problems involving the reading of charts and graphs), it is predicted that automatizing
students’ basic math-facts will result in more gain on tests of applied mathematics
problems, relative to similar students in the control group.
Research Question #4
Are there differential effects of this intervention based on the students initial level
of math-fact proficiency? It is hypothesized that the less fluent the students’ pre-test
measurement of math-fact skills (addition and multiplication), the smaller the gain in
fluency will be made on those facts.
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Research Question #5
Are the goals of the intervention, the procedures, and the outcomes valued and
acceptable to the students, teachers, and parents? It is hypothesized that adults who
deliver the intervention, and students who receive the intervention will find it enjoyable,
not too time consuming, and effective.

CHAPTER 2
LITERATURE REVIEW
This chapter presents a focused review of the literature related to the current
study. First, the definition of skill automaticity and its measurement is explained in
general, and as it pertains specifically to math-fact automaticity. Next, there is a brief
description of how skill automaticity typically develops (i.e. what activities result in skills
becoming automatized). The second part of the chapter is dedicated to a review of
previous experimental studies that have attempted to improve math-fact automaticity /
fluency. These studies are compared in terms of the practice/instructional methods used,
the participants and settings, and the outcomes. Finally, this chapter reviews those studies
that investigated whether improving math-fact fluency resulted in transfer or
generalization to improved performance on more complex math skills. Contributions, as
well as limitations, of these studies will be discussed as they pertain to the current
investigation.
Automaticity
Definition and Measurement
Automatic processing is considered to be fast and effortless (Bargh, 1992; Logan,
1997; Schneider & Chein, 2003; Schneider & Shiffrin, 1977). Speed, or reaction time, is
one of the most important characteristics of automaticity and is the primary method for
measuring degree of automaticity (Garnett and Fleischner, 1983, Haberlandt, 1999;
Logan, 1997). As reaction time decreases (and speed increases), automaticity increases
(Haberlandt, 1999; Logan, 1997). For many skills, performance speed increases as a
function of practice and follows a predictable curve that has been termed the “power law
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of practice” (Haberlandt, 1999; Logan, 1997). According to this law, the slope (rate) of
improvement is steep at first and then decreases with extended practice (Haberlandt,
1999; Logan, 1997). In other words, when people engage in extended practice, they make
the most dramatic gains in speed during the first few practice sessions, and gains level off
after several practice sessions (described as an asymptote point, e.g. Royer & Tronsky,
1998).
Speed is not the only criteria used to determine whether automaticity has been
achieved. Logan and colleagues assert that the hallmark of automatic processing is the
use of direct retrieval from memory (Logan, 1997). A shift from using algorithms, rules
or strategies, to memory retrieval may be the first criteria one’s performance must meet
to be considered “automatic;” but one can continue to improve in reaction time or speed
of retrieval beyond that point (Palmeri, 1999), therefore allowing for degrees of
automaticity (Bargh, 1992; Brown and Bennett, 2002; Klapp, Boches, Trabert, & Logan,
1991; Logan, 1997; Logan & Klapp, 1991).
While automaticity is recognized as being a quality of performance that lies on a
continuum (Bargh, 1992; Brown and Bennett, 2002; Logan, 1997), basic cognitive
researchers have tried to find rates of performance that would indicate that a skill has
been automatized. In terms of basic experimental research findings, Crawford (2007)
cited psychological studies supporting the generalization that a response of less than a
second can be considered an automatic response (Crawford, 2007).
Applied educational researchers also have attempted to define levels of automatic
performance, and typically refer to automaticity as “fluency.” Fluency or automaticity
with math-facts has been defined by several researchers. As stated in Chapter 1, math-
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facts are typically defined as small number combinations across all four operations. For
addition and subtraction problems up to and including 18 or 20 are considered “facts,”
and multiplication and division problems combinations up to and including 10 x 10 or 12
x 12 are considered “facts” (Royer et al., 1999; Stein, Silbert, & Carnine, 1997).
To define fluent performance in math-facts, researchers have sampled elementary
or secondary students, who have been successful in math, and / or adults who use math in
their jobs, or teachers in the local community. Table 2.1 contains performance rates
considered to represent adequate math-fact automaticity / fluency. Addition and
multiplication rates that were given in the form of “digits per minute” were translated into
problems per minute using the following formula: number of digits divided by 1.5 equals
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number of problems. This formula, created by this researcher, was the product of
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counting the number of digits and the number of problems on three addition and
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multiplication facts tests, and computing the ratio of digits to problems. Because
subtraction and division fact problems typically have only 1-digit answers, number of

should be noted, however, that authors frequently referred to “digits per minute” and
“problems per minute” within the same article, and authors did not always clearly label
recommended performance rates as “digits” or “problems.” When unclear, this researcher
used all of the information provided in an article to determine whether the rates referred
to digits or problems per minute.
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#

subtraction or division digits per minute was equal to number of problems per minute. It

Table 2.1
Math-Fact Performance Rates Representing Fluency

Publication

Van Houten
(1980)
Howell and
Lorson Howell
(1990)
Stein, Silbert,
and Camine
(1997)
Haughton (1972)
Singer-Dudek
and Greer (2005)
Miller and
Heward (1992)
Miller and
Heward (1992)
Hasselbring,
Going, and
Bransford (1988)
Wood, Burke,
Kunzelmann,
and Koenig
(1978)
Wood et al.
(1978)
Wood et al.
(1978)
Wood et al.
(1978)
Crawford (2007,
unpublished)

Operation

Addition

Correct Digits
Per Minute

80-100

All operations

All operations

Correct Problems Recommended
Per Minute
Grade Level for
Mastery

53-67

None specified

40 oral or written

None specified

30 written

None specified

30-40 written

None specified

67 written

None specified

70-90

Gr. 3-4

50-90

Gr. 5-6

40

Not specified

Addition and
Multiplication
Addition and
Subtraction
Multiplication
and Division
All operations

100 written

Addition

125

83

Gr. 4

Subtraction

68

68

Gr. 3

Multiplication

80

53

Gr. 4

Division

47

47

Gr.4

40-80

Not specified

All facts
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Based on the results of this literature review, it is reasonable to identify 40
problems per minute (approximately 60 digits per minute for multiplication and addition,
and 40 digits per minute for subtraction and division) as a common minimum rate.
Therefore, for the purposes of the current research study, this researcher adopted the rate
of 40 problems per minute as the minimum necessary to indicate fluent or automatic
performance. It is important to note that all of these performance criteria assumed near
100% accuracy (i.e. zero errors or two or fewer errors).
Wood et al. (1978), and Miller and Heward (1992) have recommended grade
levels by which time these levels of performance should be expected. It was not clear
how these grade levels were determined (since the performance levels were derived from
successfully performing high school students and adults). In most cases, performance
levels represent mastery of the skill and there is no recommended time by which mastery
should be reached. Therefore, it is necessary to interpret suggested grade levels with
caution. Some researchers have observed that many younger students may not be able to
write fast enough to meet written fluency criteria, and that practitioners should take either
take writing speed into account when setting goals for a student (Crawford, 2007; Stein et
al., 1997), or require that a student with slow writing speed respond orally during timed
trials or timed assessments.
Development
Researchers who study memory and automaticity have identified a limited
number of conditions that typically result in automatic performance of a skill. Haberlandt
(1999) summarized research findings into three general recommendations: (1) engage in
extensive practice of the skill beyond 100% accuracy, focusing on speed of response (2)
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engage in multiple practice sessions distributed over time with rest periods in between
each practice session, (3) generate solutions independently, instead of immediately asking
for the answer from the expert (i.e. try to reason or calculate the answer rather than learn
it by rote). Carnine (1989) made similar recommendations for practice based on a review
of applied educational research, including making practice cumulative (i.e. practicing one
piece of information at a time and requiring a student to master that information before
adding the next piece of information), periodically reviewing information, making
information meaningful by emphasizing relationships between information, and requiring
fast responses.
The above recommendations are similar in their emphasis on engaging in an
extensive amount of practice with a focus on speed of response (after accuracy has been
achieved), distributing practice over time (rather than massed together in one practice
session), and requiring individuals to generate solutions and recognize relationships
between pieces of information in order to make the information more salient, meaningful,
and easy to remember. The most necessary, and most often cited ingredient of practice
for automaticity, is undoubtedly the idea of extensive training (Logan, 1997; Moors & De
Houer, 2006; Schneider & Shiffrin, 2003), or extensive practice with stimuli that do not
vary lrom practice session to practice session. This is also known as ‘‘overlearning,” or
practicing beyond the point at which reliable accuracy has been attained, and even
beyond the point at which information has been memorized (Klapp et al., 1991). This
idea of extensive practice also was captured by the concept of “opportunities to respond”
or learning trials (Greenwood, Delquadri, & Hall, 1984).
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Experimental Studies Involving Math-Fact Fluency
The purposes of searching for peer-reviewed experimental studies focusing on
improving math-fact fluency / automaticity were: (a) to gain knowledge about
intervention methods (intervention components) shown to be successful in the past and
(b) to investigate whether those studies helped to answer questions about transfer effects,
or effects of improving math-fact fluency on more difficult mathematical problems. A
search for studies involving math-fact fluency was conducted using PsycINFO. Search
words included: math-facts, math and fluency, computation and fluency, addition and
fluency, subtraction and fluency, multiplication and fluency, and division and fluency.
Replacing the word “fluency” with the word “automaticity” resulted in fewer results, and
did not contribute additional studies. Only empirical studies from peer-reviewed journals,
since 1990, were reviewed. Dissertations were excluded. From this search, seventeen
studies met these criteria. Two additional studies, found through references, were added
to this review. Studies investigating methods of improving math-fact automaticity were
analyzed in terms of several factors: participant characteristics, setting characteristics,
intervention components used, and whether questions of transfer to other math skills were
addressed.
Out of the 21 studies reviewed in this chapter, 18 studies investigated the effects
of various practice methods on the speed and accuracy (fluency) of participants’ mathfact performance. Experimental studies can be roughly grouped according to practice
method employed. These methods include, Cover, Copy, Compare (CCC), Constant
Time Delay, flashcard practice, timed drill with performance feedback, and variations on
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those methods. Many of the studies use multiple intervention components. Only three
studies addressed issues of transfer of improved math-fact fluency to performance on
more complex math skills. Studies investigating transfer are discussed at the end of the
chapter.
Studies Investigating Methods of Improving Math-Fact Fluency
Cover, Copy, Compare (CCC)
The use of the Cover, Copy, and Compare method to increase math-fact fluency
has been investigated in three studies. CCC procedures are relatively simple. A student is
presented with a model of the problem and its answer. The student first copies the
problem and its answer from the model. Then, the student covers the answer with one
hand (Cover), and writes the problem and answer from memory next to the previously
written problem (Copy). The student then uncovers the previously written problem and
answer in order to check for accuracy (Compare). If the student has written the problem
incorrectly, typically the student is required to copy the problem from the model one to
three times before moving on to the next problem. Although there is no emphasis on
speed of response, immediate feedback is provided via the written model, after every
student response.
Use ol CCC in all three studies improved students' accuracy and speed. One study
employed the use ol the CCC procedure to improve the division fact fluency of 5 students
in the filth grade (Lee & Tingstrom, 1994). After each CCC practice session, students
participated in a short, timed test (one minute in duration), and the number of correct
digits written in one minute was tracked. Students, however, were not given direct
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feedback as to their performance on the test. Data indicated that a gain of 5 to 10 digits
per minute was made in 3 to 4 practice sessions.
Another study employed the CCC procedure, along with flashcards, to improve
the multiplication fact fluency of one, fifteen year old student in a self contained
classroom (Hayden & McLaughlin, 2004). After each practice session, the student
engaged in a short, timed drill in order to monitor progress, but the student was not given
direct feedback about performance on that drill. Results indicated that, between the use of
flashcards and CCC, the student made a gain of approximately 15 digits per minute in
approximately 15 practice sessions.
Although the procedures used in both studies (CCC and combined CCC and
flashcards) did not emphasize speed of response, both studies exposed participants to a
short, timed drill during every practice session. Both Hayden and McLaughlin (2004) and
Lee and Tingstrom (1994) observed a change from baseline to the first phase in which
CCC was conducted, indicating that CCC had some initial positive effect. But Lee and
Tingstrom (1994) also observed that participants continued to increase their fluency
during a maintenance phase when CCC was withdrawn. It is very possible that the use of
short, timed drills, also contributed to increases in fluency. Based on their findings, Lee
and Tingstrom (1994) hypothesized that repeated assessment in and of itself was
powerful enough to increase fluency, as long as students were already performing with
90-100% accuracy. The effects of short, timed drills will be discussed later in this
chapter.
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Constant Time Delay
Three articles examined the effects of using a constant time delay procedure to
increase fluency with math-facts. In its simplest form, the constant time delay procedure
involves controlling the amount of time the student is provided to respond to a math
problem. Over time, students are required to respond at increasingly shorter intervals,
thereby limiting the students’ use of counting procedures and encouraging retrieval from
memory. This method has been tested in the classroom by pre-recording math problems
and their answers on a cassette tape at various intervals (McCallum, Skinner, & Hutchins,
2004: McCallum, Skinner, Turner, & Saecker, 2006). In two studies using pre-recorded
math problems, students were initially presented with problems and answers at zero or
one second delays. These initial short intervals were used in order to provide the students
with a correct model and to prevent them from responding incorrectly (and practicing
their errors). Then, the students were presented with problems and answers at 3 or 4
second delays and encouraged to respond before the answer was provided on the tape. As
practice commenced, the interval decreased to 2 seconds, and in one of the studies, the
delay became as short as 1 second (McCallum, Skinner, and Hutchins, 2004; McCallum,
Skinner, Turner, and Saecker, 2006).
McCallum et al. (2004) tested the effects of this procedure on the division fact
fluency of one student in the fourth grade. The authors demonstrated the intervention
caused a gain of approximately 15 digits per minute after only four, 20- minute, practice
sessions. As a follow up investigation, McCallum et al. (2006) tested the effects of this
procedure on the multiplication fact fluency ol 18 third grade students. Results indicated
tw o thirds ot the students made fluency gains, and the average performance of the 18
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students increased approximately 10 digits per minute in four, 20-minute, sessions. Six of
the 18 students made no improvement at all. It should also be noted that students in both
studies practiced only a small subset of division or multiplication facts, rather than all the
facts.
Most recently, a study conducted by Poncy, Skinner, and Jaspers (2007) sought to
compare the relative effects of CCC vs. Taped Problems on the addition fact fluency of
i

one, 10-year old student with intellectual impairment. The researchers found that both
methods were effective at improving the student’s addition fact accuracy and speed;

!
i

however, the Taped Problems intervention required much less time than CCC, and
therefore, may have been a more potent intervention. As with the previous studies, only a
subset of addition facts were targeted for practice.
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Flashcards
Use of flashcards represents another method for delivering many opportunities to
respond (i.e. extensive practice) with immediate feedback. Three studies investigated the
use a flashcard practice procedure on students’ fluency with basic math-facts (Burns,
2005; Hartnedy, Mozzoni, & Fahoum, 2005; Sante, McLaughlin, & Weber, 2001). Two
of these studies are discussed in this section, and the third is discussed later in this
chapter. In all three studies, rehearsal of flashcards was structured such that unknown
facts were mastered before practicing other unknown facts.
One study conducted by Sante, McLaughlin, & Weber (2001) tested the effects of
flashcard practice on the multiplication fact fluency of two, 12-year old students
diagnosed with mental retardation. Each student was first assessed to determine which
facts were “known” and which were “unknown.” “Known” facts were those facts to
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which the student responded correctly and within a 2 second time limit. During practice
sessions, each student was presented with a stack of 15 flashcards, 12 of which were
considered “known,” and 3 of which were considered “unknown.” Facts were presented
such that unknown facts were presented more frequently until the unknown fact became
known. The stack of 15 facts was presented three times during each practice session.
Once unknown facts became known, they were replaced with new unknown facts. To
assess progress, the students were given a short, timed drill of multiplication facts (one
minute in duration), and number of correct problems in one minute was monitored over
time. In 20 practice sessions, students made a gain of approximately 20-25 problems per
minute.
Another study tested the effects of individual flashcard practice sessions involving
the use of an “incremental rehearsal” procedure on the multiplication fact fluency of 3
elementary aged students who had been diagnosed with a mathematics learning disability
(Burns, 2005). During baseline, each of the student's multiplication fact fluency was
assessed. Facts considered “known,” were those facts the student responded to correctly
within 2 seconds. During practice sessions, students practiced responding to problems on
flashcards using a ratio of 90% known facts to 10% unknown facts (or one unknown to
nine known). Unknown tacts were presented one at a time, and were interspersed with
known tacts in such a way that the student was more frequently exposed to the unknown
tact at the beginning ot practice, and less frequently as the practice session continued.
Alter the sequence was completed tor the first unknown fact, and the student
demonstrated that the tact was known, a new unknown fact was practiced. Progress
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was monitored using a short, timed, multiplication facts drill (2 min. in duration) once per
week.
Bums (2005) found that the incremental rehearsal flashcard technique resulted in
increased multiplication fact fluency for all three participants. After 16 practice sessions,
the first participant's fluency increased 12 digits per minute from baseline, the second
participant’s fluency increased by 17 digits per minute, and the third participant increased
16 digits per minute. In both studies, speed of responding was just as important as
accuracy in assessing student mastery of facts, and was emphasized during practice
sessions. If a student responded correctly, but could not respond in 2 seconds or less, the
fact was still considered “unknown.” Therefore, immediate feedback regarding the
student’s speed and accuracy was provided to the student after each response.
In summary, the Cover-Copy-Compare method, Constant Time Delay (i.e. Taped
Problems) method, and flashcard practice methods are similar in that they deliver
immediate feedback to the student after each problem. Whereas CCC emphasized only
accuracy of response, both the Constant Time Delay method and flashcard practice as it
was conceived in Bums (2005) and Sante et al. (2001) placed an emphasis on speed of
response. All of the studies just described utilized frequent progress monitoring using
short, timed drills, assessing how many correct problems or digits the student completed
in one or two minutes. In these studies, students were not told the results of the
assessments. Nevertheless, the presence of frequent, timed drills, alone may have had a
positive influence on math-fact fluency. In the next section, the effects of short, timed
drills, as an intervention, will be discussed.
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Short Timed Drills
Lee & Tingstrom (1994) hypothesized that repeated assessment in and of itself
was powerful enough to increase fluency, as long as students were already performing
with high accuracy. Several studies have been conducted that utilize frequent short, timed
drills as a main component of the intervention (Chiesa & Robertson, 2000; Codding,
Lewandowski, & Eckert, 2005; Codding, Shiyko, Russo, Birch, Fanning, and Jaspen,
2007; Jolivette, Lingo, & Houchins, 2006; Miller, Hall, & Heward, 1995; Poncy, Skinner,
& O’Mara, 2006; Rhymer, Dittmer, & Skinner, 2000; Sweeney, Sweeney, & Malanga,
2001; Tournaki, 2003; Woodward, 2006). The basic procedure involves giving a student
a worksheet with several problems on it (typically more than the student can do in one or
two minutes). Then students are told to work the problems as quickly and as correctly as
they can while a teacher or researcher time them for a short, fixed duration (e.g. one
minute). In most studies, the student is then given feedback as to performance accuracy
and speed, or fluency, by reporting number of correct problems per unit of time (e.g. how
many correct problems in one minute).
Simply the effect of timing alone appears to be beneficial. For example, Miller,
Hall, and Heward (1995) found that students ranging in age from 6-12 years answered
more math-1 act problems correctly during a 10 minute work period when working within
the context ot a series of one-minute timed drills, than they did when they were simply
told to work for 10 minutes. In addition, students in this study preferred the timed
condition to the traditional untimed work condition. These findings would support the
observation made by Lee and I ingstrom (1994) that participants in their study continued
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to increase their fluency even when CCC was withdrawn, because they continued to
participate in timed drills for assessment purposes.
More recently, a study conducted by Codding, Shiyko, Russo, Birch, Fanning,
and Jaspen (2007) compared the effects of two intervention methods on the fluency of 98
second and third graders’ subtraction fact performance. The authors were particularly
interested in how the two intervention methods would interact with individual students’
performance based on their initial level of fluency. Students were classified as to their
level of fluency (frustrational, instructional, or mastery) with subtraction facts. The
students were then randomly assigned to either the no-treatment control group, the CCC
group, or the Explicit Timing group. Equal numbers of students from each level of
fluency were represented in the three treatment groups. Explicit Timing referred to a
condition in which students practiced subtraction facts and marked their place after every
1-minute interval. Students participated in the intervention twice per week for 6 weeks.
Curriculum based measurement probes (2-min. each) were administered to the students
after each intervention session, however, students were not provided with feedback as to
their performance on theses measures.
Results indicated there was in fact an interaction between students’ initial level of
fluency and type of intervention. For students performing in the instructional or mastery
levels initially, the authors found Explicit Timing resulted in increased fluency over CCC
or control conditions. For students performing in the frustrational level initially, Explicit
Timing led to the lowest growth in fluency, and CCC or control conditions were more
effective for these students (faster growth in fluency). The fact that control conditions
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were more effective than Explicit Timing supports the hypothesis made by Lee and
Tingstrom (1994) that repeated assessments alone can result in fluency gains.
Performance feedback
In addition to the effect of simply being timed, adding performance feedback after
the timed drill may result in additional gains in fluency. For example, in the study by
Miller et al. (1995), the authors looked at the effects of giving students two, short, timed
drills, with feedback as to their fluency (accuracy and speed) after each drill. Miller et al.
(1995) found that students in that condition performed more fluently than both the
students engaging in timed drills without performance feedback, and the students who did
not engage in timed drills.
In another study, researchers evaluated the use of two, identical, one-minute drills
with performance feedback (graphing fluency) versus only one, one-minute drill with
performance feedback (graphing fluency) on the addition fact fluency of 7 students with
disabilities in first and second grades (Sweeney, Sweeney, & Malanga, 2001). In each
condition, student responses were checked for accuracy, and the number of correct
problems in one minute was graphed after each drill. Researchers found the use of two,
identical, one-minute drills with graphing fluency resulted in increased fluency over the
use of one, one-minute drill with graphing fluency for most of the students.
Yet another study lound that adding performance feedback of short, timed drills
improved the multiplication tact fluency of 3 out of 4, fourth grade students (Rhymer,
Dittmer, & Skinner, 2000). In this study, several intervention components were utilized,
including, peer tutoring (paired, unspeeded practice) with positive practice overcorrection
(the student in the tutee condition had to say the problem and correct answer three times
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if he / she responded incorrectly during practice), and a short, timed drill. Results
indicated these three components resulted in increased fluency. In a final phase of the
study, participants had to chart their performance. Adding performance feedback in this
way resulted in even greater increases in fluency. Similar to Lee & Tingstrom's (1994)
observations. Rhymer et al. (2000) hypothesized that repeated assessment and fluency
feedback procedures alone may be sufficient for increasing fluency.
Goal setting
Studies conducted by Miller et al. (1995) and Sweeney et al. (2001) demonstrate
the use of short, timed drills alone, and the combined use of short timed drills with
performance feedback in the form of graphing fluency, are effective ways of increasing
math-fact fluency. While timing students’ performance serves as a way of emphasizing
speed, performance feedback allows students to monitor their performance over time, and
to witness small changes in performance, which may be highly motivating to the student
(Royer & Tronsky, 1998). Yet another way to increase student motivation and to
challenge students to increase their speed is the use of goal setting.
In a study by Codding, Lewandowski, and Eckert (2005), researchers tested the
effects of two kinds of goal setting in addition to timed drills with performance feedback
with an elementary student with ADHD. In both conditions, the student completed as
many problems as possible in one minute. Number of correct problems in one minute was
then graphed. In one condition, the examiner set a goal for the student: to complete more
problems than he did during the previous drill. In the other condition, the student was
allowed to set the goal. Results indicated slightly better fluency during the student-set
goal condition. In general, however, improvement in fluency was minimal in this study.
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The student increased from an average of 23 digits per minute at baseline to
approximately 35 digits per minute during the intervention, with no continued
improvement after 15 practice sessions.
Another way to enhance the effects of goal setting is to provide reinforcement or
rewards for meeting goals. One study conducted by Hartnedy, Mozzoni, & Fahoum
(2005). investigated the combined effects of timed flashcard drill, performance feedback,
goal setting, and rewards for meeting goals, on the multiplication fact fluency of one, 10year old student diagnosed with ADHD and Depression. In this study, the student
responded to multiplication problems on flashcards for one minute. Correctly answered
problems were placed in one pile, and incorrects were placed in another. After one
minute, the student and teacher graphed the number of correctly answered problems for
that one-minute drill. Each time the student engaged in a one-minute drill, a goal was set:
for the student to beat his previous score. The student also received a reward each time he
met his goal. It should also be noted that the researchers controlled the presentation of
multiplication facts, such that at first, the student was required to master the zero and
one’s tables first, and then the zero, ones, and twos tables; then the zero, ones, twos, and
five tables, etc. Using this procedure, over the course of 60 practice sessions, the student
went lrom being able to respond to only approximately 5 problems per minute (zero
through the fives tables) at baseline, to approximately 48 problems per minute.
Untimed Practice
Adding untimed practice with accuracy feedback only, in addition to short, timed
diills with fluency feedback has also been a common intervention component. Studies by
C hiesa & Robertson (2000), Hartnedy et al. (2005), Jolivette, Lingo, & Houchins (2006),
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Poncy, Skinner, and O'Mara (2006), and Rhymer et al. (2000), all incorporated short,
untimed practice sessions into their practice routines as a way for students to receive
more practice on frequently missed / incorrect problems with feedback as to their
accuracy. Chiesa and Robertson (2000) tested the effects of a daily practice program on
the multiplication and division facts, and long division skills of five low performing
students ages 9 and 10. Daily practice procedures included untimed practice with
accuracy feedback, and a one-minute timed drill, with graphing fluency feedback. After
12 weeks, the target students were performing long division significantly more fluently
than average performing students in their class. This study did not investigate transfer
effects however because target students practiced both math-facts and long division skills
in their daily practice routine.
Jolivette, Lingo, and Houchins (2006) utilized a published intervention, Great
Leaps Math, to increase math-fact fluency in three students ages 7 to 8 years. Each daily
intervention session began with the teacher reviewing the students’ previously graphed
performance data. Then, the teacher led an untimed practice session during which the
teacher taught students unknown facts, sometimes using manipulatives (objects) to
demonstrate, and provided error correction immediately after each problem. Each student
then completed a short, timed drill (one-minute). The teacher and student reviewed the
student’s answers for accuracy and graphed the student’s fluency (performance
feedback). Students worked on several skills in succession, starting with answering
addition fact problems orally, then writing the answers to addition facts, and finally
answering subtraction fact problems orally. Students changed to the next “skill” when the
student had reached a criterion of 25 correct responses with no errors in one minute.
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Outcomes of this intervention are difficult to summarize for several reasons: (a)
baseline methods of measuring fluency differed from methods used during intervention
phases, (b) all three of the students were close enough to the criteria of 25 correct
responses that they frequently met criterion for oral responses to addition problems in one
or two timed drills. In general, however, results indicate a gradual positive trend in
fluency (number of correct responses per minute) as a response to the intervention.
Finally, Poncy et al. (2006) tested the effects of a group-administered intervention
called Detect, Practice, and Repair (DPR) on the subtraction fluency of 14 third grade
students. DPR consisted of four steps completed on a daily basis: “tap-a-problem,”
Cover, Copy, Compare (CCC), 2-Minute timed drill, and graphing fluency. The first step,
tap-a-problem, was designed as a pre-test that identified problems that were not
automatic for each student. This step was created as a way of individualizing math-fact
fluency practice for each student within the group, and targeting those problems that
needed fluency practice. The group started with a packet of problems containing the
numbers 0 - 5. A metronome was set to 40 beats per minute. Students were told to
attempt each problem at each click of the metronome. If a problem was not completed by
the next click, the student was required to move on to the next problem. Tap-a-problem
lasted lor 2 minutes. At the end of this step, students had a bank of problems that were
not automatic / fluent, and each student chose five non-fluent problems to work on.
The next step involved using a variation ol the CCC procedure (described earlier
in this chapter) to practice just those five problems that needed more practice. Students
practiced each of the five problems both in writing and orally such that students practiced
each problem 31 times. Next, students moved on to another packet of problems
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containing the numbers 0-5, and were required to solve as many problems as they could
in 2 minutes. Students then counted the total number of digits written in 2 minutes (rather
than number of correct digits). Finally, students graphed this number. A student was able
to move on to the next problem-set (containing digits 0-8), once his or her score met
critera (60 written digits on 3 consecutive days).
The 14 students were pre and posted tested using three, 2-minute, subtraction
fluency probes containing digits 0-19. The median correct digits per 2 minutes
represented each student’s pre and post-test score. Results indicated that after 6 weeks of
daily intervention using the DPR method, students went from an average score of 22
correct digits per 2 minutes to an average score of 41 correct digits per 2 minutes (gain of
19 digits). According to the researchers, most of the students who took part in the
intervention had growth rates that were at least double the district’s normative rate
(Poncy et al., 2006).
Strategy Instruction
The use of strategy instruction when teaching and practicing basic math-facts is a
subject of particular interest to researchers. Based on the observations made by several
researchers, and discussed in Chapter 1 of this manuscript, students with a learning
disability in mathematics, who struggle to fluently recall basic math-facts, often
demonstrate deficits in the strategies they use to compute those facts (Carr & Hettinger,
2003; Cumming & Elkins, 1999; Geary, 2004; Geary & Brown, 1991; Geary et ah, 1991;
Hanich et ah, 2001). Children who perform poorly in mathematics tend to use less
efficient strategies, such as finger counting, to solve basic math-fact problems, and do not
develop retrieval as a dominant strategy as do many children who are proficient in
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mathematics (Can* and Hettinger, 2003; Hanich et al., 2001). Therefore, some researchers
have suggested it is not effective enough to require students to practice retrieving the
correct answer to math-facts. Rather, they suggest students who are using primitive
strategies such as finger counting, would benefit from instruction that teaches more
efficient and mathematically sophisticated strategies (Cummings & Elkins, 1999;
Woodward, 2006).
In this vein, an unpublished research paper that accompanies the math-fact
fluency building program, “Mastering Math-facts,” Crawford (2007) warns against the
sole use of “drill and practice” for children who are not retrieving answers from memory,
and who are still using counting strategies. Crawford (2007) cited two researchers who
had observed that “drill and practice” methods (such as short, timed drills) only serve to
speed up whatever strategy the child is currently using (Ashlock, 1971, and Hasselbring,
& Goin, 1988, as cited in Crawford, 2007). For example, if a student is using finger
counting to solve most basic addition fact problems, there is a chance that a drill and
practice method will merely speed up the student's finger counting skills, but will not
necessarily cause the student to memorize the answers, and the student’s fluency will be
halted at the point where that student is counting fingers as fast as he / she can. In this
situation, the student would become automatic at using fingers to count, but not
automatic at recalling the answers to basic math-fact problems. For these students,
Crawford (2007) wrote that teaching students some variety of memory aid would seem
to be necessary” (p. 15).
Similarly, Isaacs and Carroll (1999) suggest that using timed drill methods may
have "unfortunate outcomes” for some children. They claim that giving children timed
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drills before they are ready for them may “induce anxiety” and “undermine
understanding," and that requiring children to simply memorize answers may lead
students to believe that mathematics is about memorizing rather than thinking and
problem solving. The authors, however, do not cite empirical evidence to support these
claims.
Despite a relatively simplistic and possibly biased perspective regarding the use
of timed drills to improve fluency with basic math-facts, Isaacs and Carroll (1999)
succeed in providing a review of the progression of strategies necessary for solving
addition fact problems, from the most primitive and inefficient, to the most sophisticated
and efficient. A student first learning to solve an addition fact problem counts out the
problem using manipulatives (objects, fingers). The least efficient counting procedure is
to count all the objects: objects in the first addend, and then continuing to count on the
second addend, to find the sum. Then students develop or are taught a short cut: counting
on from one of the addends. An even faster strategy is to count on starting with the larger
addend. With practice, children then begin to use a combination of strategies, such that
some fact solutions become memorized, while others are counted out.
Isaacs and Carroll (1999) also describe a class of strategies called “derived facts,”
that serve as a bridge stage between counting and memorization. When a student uses a
derived fact strategy, they start with a fact that they know from memory, and use it to
derive the unknown fact. For example, many children memorize the “doubles” facts (e.g.
2 + 2 = 4; 3 + 3 = 6; 4 + 4 = 8, etc.). If a child does not know the answer to 5 + 6, but
knows that 5 + 5 = 10, then the child needs only to add 1 more to that doubles fact.
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One study attempted to test the hypothesis that combining strategy instruction
with timed drill methods would be more effective than rote learning and timed drill
methods alone. Woodward (2006) divided 58 fourth grade students into two groups. One
group learned basic multiplication facts, and extended facts (e.g. 2 x 40, or 2 x 400),
word problems, and multiple-digit multiplication problems like 3 x 245, by learning only
a few new facts at a time, learning derived fact strategies, and completing one timed drill
(2 minutes in duration) on a daily basis, consisting of known facts and new facts for
which strategies had been taught. The other group of students learned the same skills, but
facts were taught sequentially without strategy instruction (the “ones” tables, followed by
the “twos” tables, etc.). Students in this condition also completed timed drills on a daily
basis. In this condition, students were taught to solve multiple digit multiplication with
the “traditional algorithms” (procedures).
After four weeks of daily practice sessions (25 minutes each), pre-post test
analysis indicated that both methods raised mean accuracy to near 90% accurate on easier
multiplication fact problems, but the integrated-strategy group performed significantly
more fluently than the timed-drill-only group (however only by a difference of 2
problems per minute). The integrated strategy group also performed significantly more
fluently on a post-test of extended facts (e.g. 5 x 40; 3 x 50) than students in the timeddrill-only group. Finally, the integrated strategy group performed significantly more
fluently with multiple-digit multiplication problems for which they had to think of the
best approximate answer. It should be noted, however, that only the integrated strategy
group was taught how to approximate answers to these problems; therefore, this finding
is expected.

41

There were non-significant differences between the two groups regarding their
fluency with more difficult multiplication facts, their fluency with multiple-digit
multiplication problems, and their attitude toward mathematics. In conclusion.
Woodward (2006) demonstrated that strategy instruction may be more effective than
traditional mathematics instruction (algorithms) in training some skills (i.e. extended
facts and approximations), and only marginally more effective than traditional
mathematics instruction in training basic math-facts to fluency.
Another study tested the effects of strategy instruction and drill and practice
versus drill and practice alone, versus no supplemental instruction, on the addition fact
fluency of second grade students with and without learning disabilities (Tournaki, 2003).
42 second grade students without LD and 42 second grade students with LD were
assigned to three conditions: Drill and Practice, Strategy, or Control. In the Drill and
Practice condition, students were given a small set of addition facts to practice and told to
compute the answers as quickly as they could. Students alternated between two forms of
the set of addition facts until they either met criteria (all 20 problems in 80 seconds with
90% accuracy), or until the practice period was over (15 minutes), at which point,
students moved to the next small set of facts. In the Strategy condition, students were
given the same small set of addition facts to practice and told to compute the answers as
quickly as they could; however, the practice was interrupted every time the student made
an error, and the procedure for solving the problem was reviewed. The student would
then recompute the problem and continue. Students alternated between two forms of the
set of addition facts until they either met criteria, or until the practice period was over, at

which point, students moved to the next small set of facts. In the Control condition, no
supplemental instruction was provided.
Results of this study indicated that students in the Strategy condition
outperformed students in the Drill and Practice condition, who outperformed students in
the Control condition. Interestingly, there were differential effects for learning disabled
and non-learning students. Students with LD in the Strategy condition outperformed
students with LD in the other two conditions in regards to both accuracy and speed.
Although results were similar for students without LD, the Strategy condition was only
marginally more effective. These results indicate that students without LD will most
likely improve significantly under either condition; however, students with LD may be
more dependent on learning and re-learning strategies and procedures for solving
problems to make gains in fluency, and that gains may be limited using only Drill and
Practice methods.
In summary, the use of short, timed drills with performance feedback has been
demonstrated as one method of increasing fluency with basic math-facts. Based on the
results from the studies just described, it seems plausible that fluency gains made by
participants in other studies investigating the use of Cover-Copy-Compare could have
been, in part, caused by repeated assessment, or short, timed drills. Simply the act of
timing students seems to be effective in increasing fluency, and the addition of accuracy
and tluency leedback and graphing fluency over time improves gains in fluency. Other
intervention components that have been used in these studies to increase student
motivation and performance have been goal setting and providing rewards for meeting
goals, extra untimed practice that focuses on a few new facts, practicing small sets of
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facts at a time until fluency criteria is reached before adding more facts, and strategy
instruction.
Researchers such as Isaacs and Carroll (1999) recommended strategy instruction
as a more effective method for training students to fluently answer math-fact problems.
Studies by Woodward (2006) and Tournaki (2003) indicated that adding strategy
instruction to short, timed drills, may be marginally more effective at increasing fact
fluency for students in general, and that students with LD benefit most from a
combination of strategy instruction and short, timed, drills. Although Crawford (2007)
acknowledged the potential usefulness of strategy instruction for students who use
counting strategies to solve basic math-facts, he concedes that the other useful alternative
may be teaching students to memorize facts in small sets, by drilling small sets of facts to
fluency, before moving on to new, small sets - an approach taken by several of the
articles just reviewed in this chapter (Burns, 2005; Chiesa & Robertson, 2000; Poncy et
al., 2006; Tournaki, 2003; Woodward, 2006).
Studies Investigating Transfer
The studies reviewed in this chapter thus far have been similar in that every one
of them studied the effects of a particular practice method, or group of practice methods,
on the fluency of students’ basic math-facts. These studies support the conclusion that a
combination of untimed and timed practice with performance feedback regarding
accuracy and speed, distributed over time, will typically be effective in increasing fluency
and promoting memorization of the facts. However, these studies did not address
questions of transfer or generalization, and at this point, it remains unclear the extent to
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which improving students’ math-fact fluency enhances the accuracy and / or speed with
which those students perform more complex mathematical computations.
At this time, there appear to be only three published experimental studies that
address the issue of transfer (Royer & Tronsky, 1998; Singer-Dudek & Greer, 2005;
Tournaki, 2003). Tournaki (2003) tested the effects two conditions on participants’
fluency at solving traditional addition fact problems (e.g. 3 + 5 = ), and also on
participants' fluency at solving addition problems involving three addends (e.g. 3 + 5+4
= ). Royer and Tronsky (1998) observed the effects of an intervention focusing on
increasing addition fact fluency, on participants’ subtraction and multiplication fluency.
And Singer-Dudek & Greer (2005) tested the effects of training basic multiplication facts
to fluency on the multiple digit multiplication skills of adolescent students with
developmental disabilities.
As stated in the previous section, a study conducted by Tournaki (2003) tested the
effects of strategy instruction with drill and practice versus drill and practice alone,
versus no supplemental instruction, on the addition fact fluency of second grade students
with and without learning disabilities. Results of this study indicated both students with
LD and students without LD in the Strategy condition outperformed students in the Drill
and Practice condition, who outperformed students in the Control condition.
Interestingly, there were differential effects lor learning disabled and non-learning
students. This study also tested the effects of these practice strategies on the speed and
accuracy of students' responses to problems with three addends (e.g. 2 + 4 + 3 =

).

Because problems with three addends go beyond the typical math-fact problems, and
involve two steps, these problems require generalization or transfer of fluent math-fact
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skills. Essentially, students had to solve two math-facts for each problem. Results were
similar in that students in the Strategy condition outperformed students in the other two
conditions on this transfer task. Students in both the Strategy condition and the Drill and
Practice only condition outperformed students in the control condition on this task,
demonstrating that improving basic single digit by single digit math-fact fluency resulted
in increased fluency on the more complicated computation task.
A study conducted by Royer & Tronsky (1998) tested the effects of a home-based
intervention that improved addition fact fluency on subtraction and multiplication fact
fluency. Six students in grades 5 through 7 who had been identified as having
mathematics disabilities participated in this study. Students and their parents were trained
to engage in a daily intervention that they were to do at home five times per week, and
students came to a university lab/clinic once per week in order to have their addition,
subtraction, and multiplication fluency assessed, and to discuss progress. Home practice
took approximately 15 minutes per night and consisted of the following routine: (a) the
student and parent had three pages of addition fact problems (72 problems per page; 216
problems total), (b) the student said the answers to the problems on each page as quickly
and as correctly as possible while the parent timed the student, (c) the parent also
recorded errors, (d) each page of problems was timed separately and the times were
recorded, (e) the student and parent calculated the average time per page and plotted the
average on a graph. All students in the study practiced single digit addition facts and
single digit plus double digit addition problems for the first six weeks.
At the university clinic, once per week, the student’s speed and accuracy at
solving addition, subtraction, and multiplication problems was assessed. In addition to the
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reinforcing effects of seeing small changes over time via graphed performance feedback,
the student was also allowed to pick from a grab bag containing small, variable cash
amounts, if they had demonstrated improvement on the majority of the assessment tasks.
Results of this study indicated during the six-week period when the students were
practicing only addition facts (as well as double by single digit addition), students’
response times to addition problems were reduced and as well as their use of counting as
a strategy. Those results are not surprising, given findings from previous research that
timed drill with performance feedback and copious amounts of practice result in
improvements in fluency. What is surprising is that during this six-week period,
subtraction and multiplication fact response time and accuracy improved. In fact, mean
change in response time from week 1 to week 6 is very similar for all three operations
(addition approximate mean change was 1.45 seconds; subtraction approximate mean
change 1.25; and multiplication approximate mean change 1.25). The authors concluded
that practice on addition facts transferred to subtraction and multiplication fact
performance.
As compelling as the results were, an alternative explanation for the results may
exist. Improvement on subtraction and multiplication facts could have been due to the
practice ellects of repeated testing over time. Without a control group present, the
practice effects explanation cannot be discounted. Although Royer & Tronsky (1998)
acknowledged this alternative explanation, they suggested it was implausible because of
how little practice the students- experienced on subtraction and multiplication (once per
week), as opposed to the everyday addition facts practice. The authors hypothesized two
dillerent types ol transfer could have occurred: (1) transfer in preferred strategy, that is.
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increasing reliance on direct retrieval for addition also somehow increased reliance on
direct retrieval for subtraction, and (2) transfer in relationships between problems and
solutions, such that as student’s “strengthened” their network of addition fact problems
and solutions, they used those networks to quickly solve related subtraction problems and
related multiplication problems.
To illustrate the second type of transfer, first consider the relationship between the
addition problem 4 + 6 = 10, and the subtraction problem 10-6 = 4. After much practice,
the three digits, 4, 6, and 10, could have become part of the same “memory network,”
making the retrieval of other addition or subtraction problems containing those numbers,
much easier (Royer & Tronsky, 1998). It would be expected that this type of transfer
would also occur between related multiplication and division problems. That is, if a
student learns to automatically solve “5x4 = 20,” that network of numbers would again
be activated when the student sees the problem “20 divided by 5 = ?”
Now consider the mathematical relationship between addition and multiplication.
Multiplication is repeated addition. Therefore, a student who responds quickly to the
problem “6 + 6”; could more quickly respond to the problem “6 x 3” by adding sixes: “6
+ 6 = 12” and “12 + 6 = 18.” This process seems plausible especially in light of the fact
that the participants in this study went beyond practicing basic addition facts to practicing
single plus double digit addition problems fluently. One may enquire whether limiting
practice to single plus single digit addition problems would have had the same transfer
effects.
A study conducted by Singer-Dudek and Greer (2005) is the only study to directly
address the effects of fluency training of basic math-facts on the learning and
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maintenance of more complex computation skills. This study consisted of two related
experiments. The first experiment tested the hypothesis that students who practiced single
digit multiplication facts to a speed criterion, would learn 2 digit by 2 digit multiplication
problems more quickly and would maintain correct responding to the multiple digit
multiplication problems longer than students who practiced single digit multiplication
facts to an accuracy only criterion.
Participants in the first experiment were four adolescent students with
developmental delays. The authors chose these students specifically because they had not
been previously exposed to 2 digit by 2 digit multiplication problems, and that they had
all achieved 100% accuracy on multiplication facts through the 3’s tables. Two students
were trained in the fluency condition, while the other two students were trained in the
accuracy condition. Students in the fluency condition practiced multiplication facts
through the 3’s tables until they reached the fluency criterion of 100 written digits per
minute with zero errors (approximately 60 problems per minute). Students in the fluency
condition practiced multiplication facts through the 3’s tables only so as to maintain
100% accuracy. In addition, the authors were careful to control the number of “learn
units (trials) experienced by each condition by yoking each student in the accuracy
condition to each student in the fluency condition, such that the student in the accuracy
condition only continued to practice until their matched student in the fluency condition
reached the speed criterion.
Once the participants had completed their training on multiplication facts through
the 3’s tables, they were each given direct instruction on how to solve 2 digit by 2 digit
multiplication problems (using digits through the 3’s tables). The authors measured the
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number of learn units (trials) required for each student to be able to independently solve
12 problems correctly with 100% accuracy. Finally, maintenance of the composite skill
(2 digit by 2 digit multiplication) was measured by administering the same task at 1
month and 2 months following the end of the training period.
Results of Experiment 1 indicated that students in the accuracy condition required
fewer learn units (trials) to perform the composite task at criterion than students in the
fluency condition. This was an unexpected result and contradicted claims made by
several applied behavioral psychologists that learning component skills to a fluency
criterion results in faster acquisition of composite tasks. In terms of maintenance,
however, students in the fluency condition maintained correct responding to the
composite task (2 digit by 2 digit multiplication) longer than students in the accuracy
condition.
Singer-Dudek & Greer (2005) conducted a second experiment (Experiment 2) as
an attempt at replicating the results of Experiment 1, as well as to increase the control
over number of learn units. Participants in Experiment 2 were four adolescents with
developmental delays. This time, the component task consisted of single digit division
facts in which the divisors were 2 and 3 (e.g. 8 divided by 2; 6 divided by 3; 4 divided by
2, etc.), and the composite task consisted of division of 3-digit numbers by the divisors 2
or 3 without remainders (e.g. 120 divided by 3; 144 divided by 2, etc.). Students were
again assigned to the fluency or accuracy condition. The only difference in procedures
was that all students’ number of learn units (trials) were yoked to a student in the fluency
condition who required the most learn units to reach the fluency criterion (of 100 written
digits in 1 minute).

50

Results of Experiment 2 indicated that one of the two participants in the fluency
condition learned the composite skill in fewer trials than the matched participant in the
accuracy condition. Similar results, however, were obtained for maintenance: both
participants in the fluency condition maintained correct performance when given the
composite task one to two months after the end of training than the participants in the
accuracy condition. In summary, results from both experiments supported the hypothesis
that fluent component skills lead to longer maintained composite skills, but did not
support the hypothesis that fluent component skills led to faster learning of composite
skills.
Literature review summary
In summary, 21 experimental studies were reviewed. Of the 21 studies, 18
focused on specific practice methods that result in math-fact fluency gains. Practice
methods were similar in that there was an emphasis on extended and distributed practice
with immediate performance feedback as to accuracy and often speed as well. Several
studies supported the use ol repeated, short, timed drills as a method of improving mathfact fluency. Only three studies focused on the issue of transfer: whether improvements in
math-fact fluency generalize to gains on other, more complex math skills.
Ol the studies that did investigate transfer effects, only two utilized a control
group (Tournaki, 2003; Singer-Dudek & Greer, 2005), and therefore, only two published
studies exist from which one can draw defensible conclusions. The study conducted by
Tournaki (2003) showed that gains in addition fact fluency generalized to gains in
fluency of addition problems containing three, single digit numbers. In this study, the
dependent measure (fluency with problems containing three, single digit numbers) and
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independent variable (fluency with problems containing two, single digit numbers) are
very closely related, and therefore the results may be limited due to the limited
generalizability of the dependent measure. The study by Singer-Dudek & Greer (2005)
demonstrated that learning math-facts to a fluency criterion did not result in faster
learning of more complex computation skills, but that learning math-facts to a fluency
criterion resulted in longer maintenance of the complex computation skills over time.
This study, however highly controlled, was conducted with a small number of students
with developmental disabilities, and therefore results may not generalize to more typical
students. Finally, the study by Royer & Tronsky (1998) found that gains in addition fact
fluency correlated with gains in subtraction and multiplication fact fluency. Results from
this study were intriguing as the dependent measures were not as closely related to the
independent measure, and may have indicated that transfer occurred between operations;
however, without a control group present, practice effects and maturation effects cannot
be discounted.
Important questions remain about the nature of the relationship between math-fact
automaticity (fluency) and performance on more complex mathematics problems. Do
fluency gains made in some math-fact operations (e.g. addition) transfer to other mathfact operations (e.g. subtraction)? Do gains in math-fact fluency transfer to gains in
accuracy and / or speed in more complex computation and applied math problems (e.g.
multi-digit computation problems or multiple step word problems)? Can these gains be
observed after only a short period of time (e.g. two months)? The current investigation
attempts to replicate and extend work from other studies of transfer, and attempts to
contribute in three critical ways. First, the current investigation is intended as a study of
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transfer effects between gains in math-fact fluency and gains in other, more complex
math skills. A study of transfer effects is critical in and of itself as so few transfer studies
exist at this time. Second, the current investigation utilizes a matched control group so
that observed gains can be interpreted confidently as a result of the math-fact fluency
intervention. By doing so, it is hoped that findings from Royer & Tronsky (1998) can
either be supported or contradicted. Third, the current investigation utilizes dependent
measures that sample broadly from the curriculum in order to maximize the
generalizability of the results.
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CHAPTER 3
METHODS
This chapter presents a detailed description of the methods used in the current
investigation. The research design, participants, and setting are described first. These are
followed by a description of dependent measures and the calculation of interscorer
agreement. Finally, a detailed description of the intervention (independent variable) is
included. Some of the materials used in the intervention are displayed in appendices D
and E for future reference. Please note that there have been changes made to the
dependent measures and participant inclusion criteria since the time this research study
was proposed.
Participants and Setting
Participants were fourth grade students and their parents from two elementary
schools in a mid-sized city in western Massachusetts, during the 2006-2007 school year.
Neither school was Title I eligible. School A contained approximately 472 students, in
grades K through 5. School B contained approximately 364 students (Massachusetts
Department of Education, 2007).
All students in the fourth grades were given flyers inviting families to participate
in a mathematics research study. The possibility of earning prizes was made explicit on
the flyer. Interested families attended a 30-minute information session, during which the
purpose and content of the research study were explained, and consent forms were made
available. Twenty-six families initially volunteered to participate in the study. Of the 26,
22 were included in the final pre-post analysis. Of those 22 students, 18 students attended
School A, and 4 students attended School B.
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School A and B Instructional Environments
School A contained four, fourth grade classrooms, each with one teacher, and no
paraprofessionals. School A instructed from Everyday Math, a research based curriculum
that emphasizes “real-life” problem solving (application of mathematical principals and
skills to practical situations), communication of problem solving methods, and multiple
methods for basic skills practice (mental math routines, drilling fact families, and timed
tests) (UCSMP, 2003). No homogeneous grouping was employed. In order to provide
students with extra practice with basic math-facts, fourth grade teachers at School A
administered 3-minute basic math-fact tests, one or two times per week for several
months during the year (and during the time of the current study). Students were required
to correctly solve as many problems (out of a total of 100 problems) as they could in 3
minutes, and chart their progress. Students graduated from these timed tests when they
could complete 100 problems correctly in 3 minutes, three times. Some teachers focused
on all four operations (starting with addition or subtraction), while others only focused on
multiplication. This intervention was part of the classroom routine and independent of the
current research study. School A students participating in this study were from all four
classrooms.
School B contained three, fourth grade classrooms, each with one teacher. One of
the classrooms contained a paraprofessional. Students were homogeneously grouped for
mathematics instruction according to math skill level. There were three groups
(classrooms), emerging (below average skill level), “progressive” (average skill level),
and proficient (above average skill level). Students’ skill level was determined by the
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teachers and was based on their relative ranking within the fourth grade. All students
included for analysis (due to attrition) were students from the “progressive” classroom.
Participant Characteristics
Participants included 15 girls and 7 boys. There were 4 males and 7 females in the
experimental group (intervention), and 3 males and 8 females in the wait list control
group (no intervention). Participants’ MCAS (state test) scores from their third grade year
indicated 10 out of 22 students scored in the proficient range on the mathematics test, 6
students scored in the needs improvement range, and 5 students scored in the
warning/failing range. MCAS scores were not available for one of the students.
With regard to the reading skill level of the participants, 20 out of the 22 students
were reading at benchmark levels or higher as of winter of their fourth grade year
according to school-wide Oral Reading Fluency testing. Only 2 out of the 22 students
scored in the “at risk” range on their winter Oral Reading Fluency testing, indicating very
poor reading skills. According to the third grade English Language Arts MCAS, 13 out of
the 22 students scored in the proficient range, 5 students scored in the needs improvement
range, and 2 students scored in the warning / failing range. Finally, 3 out of the 22
students had Individual Education Plans. All three students were receiving specialized
instruction in the area of reading; two were also receiving specialized instruction in the
area of math, and one in the area of writing. Together, these data indicate this sample of
students could most likely be defined as demonstrating average to low average
mathematics skills overall.
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Criteria for Inclusion
At the time this research study was proposed, participants were going to be
included on the basis of their mathematics performance and reading performance. Only
those students who were performing in the average range or below (50th percentile or
below) on tests of mathematics (GMADE computation and operations subtest) were to be
selected for participation, and students with severe reading disabilities were to be
excluded. Due to a lower than expected number of families volunteering to participate, all
families who wanted to participate, and who were able to complete the intervention, pre,
and post testing as scheduled, were included for analysis in this study. Because students
who have severe reading disabilities are likely to perform poorly on tests of mathematics
applications (e.g. word problems), due to poor reading skills (Balow, 1964; Kail & Hall,
1999; Thurber, Shinn, & Smolkowski, 2002), interpretation of results of the applications
test performance will take this factor into account as a possible limitation.
Of the 26 families who initially volunteered to participate, only 22 were included
in the final analysis due to attrition. One participant in the experimental group from
School A only completed approximately 3 weeks of the intervention, but was included in
the post testing and analysis. Two participants in the experimental group from School B
could not complete the intervention (one due to drop out and one due to illness), and
therefore, those participants (and their matched control group peers) were not included in
the pie / post statistical analysis. The remaining 22 students were included in pre / post
statistical analysis.
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Research Design
This study employed a between subjects, pre-test post-test, matched control group
design. Consenting participants were matched first according to school membership, then
math classroom membership, and finally according to average number of digits correct in
two minutes on tests of addition fact fluency (see Dependent Variables). These three
factors were chosen for as matching factors as they would control for differing
instructional environments and math-fact skill starting level. Matching participants
according to factors associated with the dependent measures tends to yield a more
powerful test (Heppner, Kivlighan, and Wampold, 1999). At School A, the intervention
(pre to post testing times) took place between October and January. At School B, the
intervention (pre to post testing times) took place between January and April.
Procedures
Invitations to participate were sent via flyer to all families of fourth grade
students. Classroom teachers recommended the research project to the families of their
lower performing math students either verbally or in writing. Interested families attended
an information session in order to listen to a description of the research and intervention,
and to read and sign consent forms (see Appendix A for consent form samples). Families
were told the research was best suited for lower performing math students (defined as any
student performing at average to below average in mathematics), but all families who
consented to participate were included in the study. During that time, all fourth grade
classrooms were administered addition, subtraction, multiplication, and division fact
fluency tests (see Dependent Variables for more information about the nature of those
tests).
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Once a pool of consenting families had been formed, students were matched
according to the three factors previously described. After matched pairs had been created,
students in each pair were randomly assigned to condition: intervention (experimental
group) and no intervention (wait list control). At that time, all participants were
administered the remaining pre-test measures and experimental group families were then
trained and began the eight week long intervention, while control group families waited
until post testing had been completed to begin training and intervention. Wait list control
students were not re-tested at the end of their intervention period. Please see Table 3.1 for
a time line of how the study was conducted.
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Table 3.1
Timeline of Testing and Intervention for Schools A and B

School

School A

October

•

Invitation to
participate
Matching and
assigning
Pre-testing all
participants

January

•

April

Post Testing all
participants

• Wait-list
participants are
trained and start the
intervention

Experimental
participants are
trained and start
intervention
Wait-list control
participants do not
do the intervention
SchoolB

• Invitation to
participate
• Matching and
assigning
•

Pre-testing all
participants

• Experimental
participants are
trained and start
intervention
• Wait-list control
participants do not
do the intervention
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•

Post Testing all
participants

• Wait-list participants
are trained and start
the intervention

Dependent Variables
Dependent variables used in this research were the following: researcher created
basic fact fluency measures (separate Addition, Subtraction, Multiplication, and Division
tests), Monitoring Basic Skills Progress (MBSP) Basic Math Computation and Concepts
and Applications tests of fluency, and the Group Mathematics Assessment and
Diagnostic Evaluation (GMADE) Operations and Computation subtest. Each measure is
described in detail in the following section.
Basic Fact Automaticity / Fluency
Participants were administered researcher-created tests of basic-fact fluency to
assess students’ degree of automaticity or fluency with the basic facts. Modeled after
Curriculum Based Measurement (CBM) Computation tests, students were given three, 2minute long paper-pencil tests in each of the four operations: addition, subtraction,
multiplication, and division. The only exception was that students in School A were
given only two division tests at pre-testing. Each of the three tests was given back to back
at pre-test and at post test times. Administration instructions are included in Appendix B.
Each test contained a total of 160 basic fact problems (80 on the front page, 80 on the
back page). Problems on each page were randomized and arranged in 8 columns by 10
rows. Students had 2 minutes to solve as many problems as they could. Tests were
constructed using the Basic Facts Worksheet Factory 3.0, a worksheet generator that
creates basic lact worksheets with randomized problems (Schoolhouse Technologies,
2007).
Basic fact problems were defined as follows. Addition probes contained single
digit by single digit problems (with addends 0 through 9; sums to 18). Subtraction probes
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contained single digit by single digit problems (minuends to 9). Multiplication probes
contained single digit by single digit problems (factors 0 to 9; products to 81). Division
probes contained problems corresponding to multiplication facts (dividends to 81). These
basic fact problems were chosen in alignment with existing definitions of “basic mathfacts” (Christensen & Gerber, 1990; Garnett & Fleischner, 1983; Geary et al., 1991;
Hasselbring, Goin, & Bransford, 1988; Stein, Silbert, & Carnine, 1997). Each test was
scored according to number of correct digits per 2 minutes. Participants’ scores on each
of the three tests per operation were then averaged. Although it is most common to take
the median score of multiple probes (Shinn, 1989), the average of the three tests was used
as the pre and post test score. The average can be considered a reliable score, as
Cronbach’s alpha for these tests ranged from .96 to .98, indicating very high reliability
between the parallel forms. See Table 3.2 for reliabilities.

Table 3.2
Reliability of Pre and Post Math-Fact Fluency Measures (Chronbach’s alpha)

Measure
Addition Facts PreTest
Subtraction Facts
Pre-Test
Multiplication Facts
Pre-Test
Division Facts PreTest
Addition Facts PostTest
Subtraction Facts
Post-Test
Multiplication Facts
Post-Test
Division Facts PostTest

Alpha

N

Number of tests

136

.97

3

135

.97

3

133

.97

3

135

.96

2

130

.97

3

132

.97

3

133

.98

3

134

.98

3

In addition to collecting math-fact fluency data from study participants at pre-test
and post-test, math-fact fluency data also were obtained from all other fourth grade
students in schools A and B. The purpose of this data collection was two fold: (a) to
obtain a local, normative comparison, which was used to help assess the social validity of
the math-fact intervention outcomes, and (b) to serve as a method of evaluating how
representative were the participants of fourth grade students, relative to students whose
families did not volunteer.
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Group Mathematics Assessment and Diagnostic Evaluation (GMADE)
The GMADE is a norm-referenced test of math skills, designed to be group or
individually administered to students for the purposes of diagnostic assessment, and
comes in two parallel forms (Form A and Form B). Students respond to problems using a
multiple-choice format. The GMADE has three subtests: Concepts and Communication,
Operations and Computation, and Process and Applications. At the time this research
study was proposed, all three subtests were going to be administered to participants. Due
to constraints on testing time, however, only the Operations and Computation subtest was
administered.
The content of this subtest is aligned to the NCTM “number and operations”
standards, as well as the “Algebra” and “Process Standards of Reasoning and Proof and
Representation” standards, and tests students’ skills at solving multiple digit computation
problems (in all four operations), as well as basic multiplication and division facts
(Williams, 2004, Technical Manual). The majority of the items at the fourth grade level
test whole number computations, with only one to two problems testing addition or
subtraction of mixed numbers (fractions) or addition or subtraction of a money amount
(decimal application). There were no applied problems in this test, and very little reading
skill was necessary.
The GMADE was standardized on over 1,000 students across the country. The
majority of students in the standardization sample were tested in a group format. Students
receiving special education services who attended the regular education classroom for at
least part of the day were included in the standardization sample. The GMADE exhibits
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adequate split form and alternate form reliabilities for research purposes (Nunnally and
Bernstein, 1994). See table 3.2 for reliability coefficients. Test-Retest reliability for Level
4 was weaker (.78) (Williams, 2004).
Table 3.3
Reliability Coefficients for the Level 4 GMADE Operations and Computation Subtest
Type of Reliability

Coefficient

Split Half Reliability
Fall Form A

.86

Fall Form B

.88

Spring Form A

.90

Spring Form B

.90

Alternate Form Reliability

.91

Test-Retest Reliability

.78

The GMADE demonstrates excellent content validity as it was developed with
rigorous attention to national standards (Principles and Standards for School
Mathematics, NCTM, 2000) and curriculum benchmarks, scopes, and sequences, as well
as educator input. Concurrent validity was assessed by comparing performance on the
GMADE to similar math tests of the ITBS. The Level 4 Operations and Computations
subtest correlated .63 with the Total Math ITBS, and also correlated at .81 with the
Operations area of the KeyMath-R. These correlations indicate that GMADE is strongly
correlated with other established tests of mathematics skills (Williams, 2004).
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Participants were tested as a group. Instructions were read aloud by the
researcher. Participants were allowed to take as much time as needed to complete the
subtest. No assistance or explanation was given to students during the test, other than
basic test taking advice. Students were told to show their work on each problem. If they
were unable to do a problem or did not know how to do a problem, they were told to try
their best to solve the problem and make their best guess.
Monitoring Basic Skills Progress (MBSP) Second Edition
To measure change in participants’ fluency with grade level operations and
computations, and also with applied mathematics problems (e.g. word problems,
problems involving charts and graphs, time, geometry, etc.), probes from the MBSP
Computation and Concepts and Applications tests were administered at pre and post
testing (Fuchs, Hamlett, & Fuchs, 1998; 1999). The MBSP tests are forms of Curriculum
Based Measurement, a standardized method of measuring fluency on global outcome
measures of basic skills, and can estimate the progress a student is making toward
mastering grade level objectives (Fuchs & Fuchs, 2001; Phillips, Fuchs, Fuchs, &
Flamlett, 1996; Shinn, 1989). Using measures of fluency at pre and post-test has an
advantage over using the traditional norm referenced, untimed test, as they are typically
more sensitive to change than measures of accuracy alone (Howell & Lorson-Howell,
1990).
Administration instructions in the MBSP manuals indicated each Computation
test was three minutes long, and each Applications test was 6 minutes long. In order to
increase confidence that pre and post MBSP scores would yield adequate reliability to
compare pre and post test performance, more than one test was administered
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consecutively, and the mean of students' scores on those probes was calculated. Hintze,
Christ, and Keller (2002) recommended using the average of six to eight 2-minute mixed
computation tests (for a total of 12 to 16 minutes of testing). Therefore, this research
employed four, 3-minute Computation tests for a total of 12 minutes of testing at each pre
and post time. Although similar recommendations have not been made for applications
tests, this research study planned to administer three, 6-minute tests for a total of 18
minutes of application testing at pre and post in order to maximize reliability. During
testing, however, participants from School A were only administered one Concepts and
Applications probe during pre-testing due to unexpected time constraints.
Students were tested in a group format. In accordance with the administration
instructions, students were told to work the problems, starting with the first problem; to
work as quickly and as accurately as possible; to do the easy problems first and then
come back and try to do the more difficult problems with any remaining time left. Each
computation test contained a random assortment of grade appropriate computation
problems. Each application test contained a random assortment of grade appropriate
applications problems.
Scoring of MBSP computation probes was completed manually, rather than by the
computer scoring program that accompanied the MBSP probes. Manual scoring
procedures were modeled after typical CBM computation procedures and require the
scorer to count number of correct digits written in 3 minutes (Shinn, 1989). In addition,
the average of four, 3-minute probes, was used as the participants’ pre and post scores,
rather than a median. Scoring of MBSP Concepts and Applications probes also was
completed manually, rather than by the computer scoring program. Because few
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I
published scoring procedures exist for CBM math applications probes, scoring
procedures were again modeled after typical CBM computation procedures. MBSP
Concepts and Applications probes contained both digit and letter responses, and each
individual correct digit or letter was scored to yield number of correct symbols in 6
minutes. The average of three Concepts and Applications probes represented the
participants’ scores at pre and post-test.
Curriculum Based Measurement computation probes, like those of the MBSP
probes, have been found to be reasonably reliable and valid for predicting overall
mathematics proficiency (Thurber, Shinn, and Smolkowski, 2002). Alternate forms
i

reliability for the MBSP Computation probes was estimated to be approximately .92,

>
indicating adequate reliability for research purposes (Fuchs, Hamlett, & Fuchs,
1999;Nunnally and Bernstein, 1994). Criterion validity, as measured by a correlation
with the Math Computation Test, an untimed test of basic math skills (MCT; Fuchs,

I

Fuchs, Hamlett, & Stecker, 1991), was estimated to be around .80, indicating that
performance on these probes is consistent with performance on other tests of computation
skills.
Internal consistency of the Concepts and Applications probes was calculated by
correlating two different means of 10 to 15 alternate forms. At grade four, the correlation
was .97 indicating that the mean of several scores is highly reliable. It is unclear,
however, the alternate form reliability for only two to three probes, let alone the
reliability of only one, 6-minute probe (as was done during pre-testing of participants
from School A). Correlations between the MBSP Concepts and Application probes and
the CTBS Computation, Concepts, and Applications, and Total Math Battery scores at
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grade four were .74, .75, and .79 respectively. The correlation between the MBSP
Concepts and Applications probes and the MBSP Computations probes at fourth grade
were .76. These correlations indicate strong concurrent validity with other tests of
mathematics skills (both computation and application skills) (Fuchs, Hamlett, & Fuchs,
1999).
Social Validity
At post-test, measures of social validity were obtained from parents and students
participating in the intervention. Social validity (also known as educational relevance or
ecological validity) is defined as the value, importance, or acceptability of an
intervention’s goals, procedures, and outcomes, by both the “client” (participant), and by
significant individuals in the participant’s life (e.g. teachers, care-givers), and is regarded
as a desirable supplemental outcome measure (Foster & Mash, 1999; Wolf, 1978).
Normative comparison and subjective evaluation are two methods that can be
used to assess the importance of both the intervention’s goal and its outcomes (Foster &
Mash, 1999). Normative comparison refers to comparing the participant’s performance
levels with the performance levels of his or her peers. In this study, two normative
comparisons were obtained: first, by comparing experimental group participants’ gains
on basic math-fact measures with gains made by control group participants, and second,
by comparing gains made by experimental participants to non-participating students in
the fourth grade.
Subjective evaluation refers to qualitative evaluation (input or feedback). Parents
and students were asked to complete a rating scale and open-ended response questions on
or after the last day of the intervention. Students and parents completed rating scales
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separately. The rating scale was adapted from one created by Lane and BeebeFrankenberger (2004). Parents completed 13 items; students completed 12 items. Items
were phrased as questions (e.g. The math-fact practice was easy for me to stick with?).
Students and parents responded by circling ratings, ranging from 1 - 7, with “1”
representing “disagree” or “no,” and “7” representing “agree” or “yes.” A rating of “4”
represented “somewhat.” Items targeted the do-ability of the intervention (e.g. was it too
difficult? Did it take too much time?), the value of the intervention (e.g. did it teach
important skills?), the perceived benefits/outcomes (e.g. will help me do better in math
class? Will improve my self-esteem? Quickly improved my child’s skills?”), and
unintended negative outcomes (e.g. caused conflict between student and parents?).
The open response questions inquired as to participants’ likes and dislikes about
the intervention, and how specifically they thought it was helpful, if helpful at all. Please
see Appendix C for copies of the rating scale and questions. This researcher explained the
instructions to the student and parent, defined any unknown words and paraphrased
questions when necessary, modeled how to complete the first item for the student and
parent, and then allowed the participants to complete the rating scale and open response
questions at their own pace.
Interscorer Agreement
In order to establish that dependent measures were scored reliably, and without
bias, two scorers independently scored approximately 20% of the participants’ pre and
post-tests. A common formula was used: number of agreements divided by number of
agreements plus disagreements, multiplied by 100 (Kazdin, 1982). An agreement
consisted of a single student response that both scorers marked correct or incorrect. A
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disagreement consisted of a single student response that one scorer marked correct while
the other scorer marked incorrect.
Independent Variable
Experimental Condition
The experimental intervention procedures used in this study were modeled after
the protocol used in the study by Royer and Tronsky (1998), in which students engaged
in daily timed math-fact drills at home, received graphed performance feedback, and
received cash prizes for weekly participation. Additional procedures delivered on an
individual, as-needed basis, included strategy instruction, untimed flashcard
reinforcement of commonly missed problems, and goal setting for extra cash prizes. The
intervention only targeted two math-fact operations: addition and multiplication.
Training. Participating parents and students were trained in approximately 45minute sessions at their respective elementary schools. Each family was trained
individually. Parents and students received a binder with detailed instructions, and all the
necessary materials (including a stopwatch and flashcards). Please see Appendix D for a
list of materials used. This researcher described the procedures, modeled the procedures
with the student, and then watched as the parent did the intervention with the student.
Weekly follow up meetings were scheduled at the end of the training.
Daily Practice Piocedure. Each day of the program, parents and students worked
next to each other (at their home) with the binder. First, the student turned to a fresh
practice sheet. Each daily practice sheet was double sided and contained four trials (trials
A, B, C, and D) of 40 problems each (for a total of 160 problems per day). The parent
then told the student to take a minute and look over the problems in the first trial (Trial
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A), and, if necessary, to ask the parent for any answers (although the answers could not
be recorded). After that time, the parent told the student to get ready to write the answers
to the problems in order, without skipping any, as quickly and as correctly as they could.
The parent then said “begin7’ or “go” and started the stopwatch. During the timed trial,
parents were instructed not to correct the student if they saw an error. When the student
completed the last problem, the parent stopped the stopwatch and recorded the time on
the Weekly Chart (see Appendix E for an example). Then the parent reviewed the
student's responses for errors (an answer key was provided), converted number of errors
made to percent correct (using a conversion chart), and recorded percent correct on the
Weekly Chart. Parents were instructed to praise the student for their effort and encourage
the student to maintain high accuracy while decreasing their time. Then the student and
parent would go through the same process for Trials B, C, and D, recording time and
accuracy on the Weekly Chart after each trial.
After the four times and accuracies had been recorded on the Weekly Chart, the
parent and the student would graph the student’s four times and accuracies on a Time
Graph and Accuracy Graph (See Appendix E for an example). After each of the four
times or accuracies were graphed, the parent would help the student find the middle of
those points and place a small X in the middle. This X represented an estimate of the
average of the four points. Daily X’s were then joined by a line to represent progress over
time. The purpose of estimating the average was so that parents and students could more
clearly track their daily progress over time, without becoming too confused by the
variability in each of the individual time or accuracy data points. The duration of these
basic procedures ranged from under 10 minutes to 15 minutes.
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Prizes For Participation. Families who completed all 8 weeks of the intervention
received a $20.00 gift certificate to the local mall. In addition, for each week completed,
students were allowed to pick from a grab bag containing small cash prizes.
Additional Procedures. Students were encouraged to maintain as close to 100%
accuracy as possible, while gradually decreasing the amount of time it took to complete
the 40 problems. During the initial training session, and during subsequent weekly
meetings, this researcher observed the student’s performance and recorded persistent
errors (patterns of errors), and / or problems in which the student used an inefficient
strategy (such as counting on fingers), or problems to which the student took several
seconds to respond. If the student was using counting strategies, the researcher taught
more efficient and sophisticated strategies (see Appendix F for a list of strategies used in
this study). The researcher then made flashcards corresponding to these problems, so that
students would have more opportunities to respond to those challenging problems.
Parents and students were instructed to review the flashcards (using taught strategies) in
addition to the timed drills. These extra procedures only added 2-3 minutes onto the daily
routine. Students were encouraged to respond to the flashcards using an efficient strategy,
or from memory.
All students participating in the intervention were encouraged to at the very least,
try to beat their previous times while maintaining 98-100% accuracy, and at the most,
aim lor the ultimate goal: 40 problems in at least 60 seconds (also known as the mastery
zone in Chapter 2). In line with findings by previous researchers employing graphed
performance feedback methods (i.e. Royer and Tronsky, 1998), given immediate
performance feedback, most students found this challenge to be sufficiently motivating.
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For those students, however, who either reported that they were bored with the
intervention or otherwise unmotivated to try their best, or who demonstrated too much
variability in their times and accuracies, a third and final extra procedure was utilized:
that of individual goal setting for the opportunity to earn extra picks from the grab bag. In
these cases, either time or accuracy (or both) goals were established at the weekly
meeting, in cooperation with the student and the parent.
Weekly Meetings. Each week, each parent and student met with this researcher at
their respective school during before-school, after-school or evening hours. Meetings
were approximately 10 to 20 minutes in duration. During each meeting, the parent and
student turned in their Weekly Chart and completed practice pages for the week, and
students received their grab bag pick for participation. Progress according to the Weekly
Chart and Graphs was evaluated and discussed by the researcher, parent, and student.
Families were praised for their effort, and reminded families of the procedures and
strategies if necessary. If a student’s progress appeared to be lagging or inconsistent, this
researcher would watch the student complete a timed trial and make additional
recommendations based on the student’s performance (strategy instruction, flashcards, or
goal setting).
Switching from Addition to Multiplication. All students in the experimental
condition began with single digit by single digit addition, and practice with addition
continued until the student’s graphed time either was reliably at mastery (the student was
able to do 40 problems in 60 seconds or less, with 98-100% accuracy), or the student’s
graphed time reached a low asymptote point for 4 to 5 days (i.e. no additional
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improvement was being made). At that point, students began practicing multiplication
facts.
Treatment Integrity. Parents were instructed to follow each step of the protocol
provided during the initial training. Each week, Weekly Charts and Graphs, as well as
completed practice pages were checked for completion and accuracy.
Control Condition
This research utilized a no treatment wait list control group. Students in the
control condition participated in pre-testing together with students in the experimental
group. However, they were not trained and did not start the intervention until after post¬
testing.
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CHAPTER 4
RESULTS
This chapter contains results of pre and post-tests and student and parent surveys,
addressing each of the research questions proposed in Chapter 1. First, considerations
regarding comparison groups, alpha level, and controlling for Type I familywise error are
provided. Next, interscorer agreement for the dependent measures is reported. Then,
descriptive statistics of pre-test scores are provided for the characteristics of the
participants in each group. Issues of intervention integrity are then addressed. Finally,
each individual research question is answered by describing the statistical procedure used
to answer the question, the statistic, and its interpretation (i.e., significance, effect size,
and power). Data were analyzed using the Statistical Package of the Social Sciences for
Windows, Release 11.0.1 (SPSS, 11.0, 2001).
Procedures
Data From All Fourth Grade Students
All fourth graders in Schools A and B were administered math-fact measures,
alongside the subset of fourth graders who volunteered to participate in the study.
Comparisons between experimental, control, and all other fourth graders in Schools A
and B are made for math-fact measures addition, subtraction, multiplication, and
division). Comparisons between the experimental and control groups and the non
participating students are made at a descriptive level only, as the non participating
students in the two schools were tested at different times of the year. Statistical
Comparisons between experimental and control groups are possible, however, because
the groups were matched on school membership and so time-of-year-tested was not a
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threat to internal validity. All other fourth grade students, who had not volunteered for
this study, but who completed math-fact testing at pre and post-test, are hereafter referred
to as “non-participating students.”
Use of One-Tail Tests
As a result of the study’s directional hypotheses, all statistical tests were
conducted using one-tail significance criteria. Since SPSS 11.0 provides statistics at the
.05 alpha level, two tailed p-values were divided by two to yield one-tailed p-values.
Reducing Risk of Type I Familywise Error
Due to the large number of dependent measures in this study (seven measures),
the probability of making a Type I family-wise error was elevated. To control for Type I
error, two steps were taken. First, addition and multiplication measures were grouped
together under one hypothesis or family (that the experimental group would outperform
the control group on the math-facts it targeted: addition and multiplication). Subtraction
and division measures were grouped together under a separate hypothesis or family (that
the experimental group would outperform the control group on the math-facts it did not
target: subtraction and division). The remaining measures (MBSP Computation, MBSP
Concepts and Applications, and GMADE Operations and Computation) represented
separate hypotheses. This process reduced the number of hypotheses tested from seven to
five.
The Holm step down procedure was then utilized on each of those hypotheses
(Holm, 1979). The Holm procedure requires one to first order from smallest to largest
(pi, p2, ...etc.) the p-values ot the statistical tests in a given family/hypothesis. Then, one
must compare the first p-value to the most conservative alpha: alpha divided by the
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number of tests in that family (which in this case is alpha divided by 2, or .025). If the
first p-value is larger than alpha, one must stop the analysis for the remaining p-values in
that family. If the first p-value is smaller than alpha, one can proceed by comparing the
second p-value to alpha divided by 1, or .05 (Holm, 1979). In this study, addition and
multiplication math-fact measures are grouped as one family.
Interscorer Agreement
To establish that dependent measures were scored reliably, and without bias, two
scorers independently scored approximately 20% of the participants’ pre and post-tests.
Interscorer agreement was calculated separately for each test. Then, agreement was
averaged per type of measure (e.g. math-fact measure; MBSP computation measure, etc.).
A common formula was used: number of agreements divided by number of agreements
plus disagreements, multiplied by 100 (Kazdin, 1982). An agreement consisted of a
single student response that both scorers marked correct or incorrect. A disagreement
consisted of a single student response that one scorer marked correct while the other
scorer marked incorrect. For math-fact measures, interscorer agreement ranged from
96%-100% with an average of 99% agreement. For MBSP Computation, interscorer
agreement ranged from 84%-100% with an average of 98% agreement. For MBSP
Concepts and Applications, interscorer agreement ranged from 79%-100% with an
average of 98% agreement. Finally, for GMADE Operations and Computation,
interscorer agreement ranged from 95%-100% with an average of 99% agreement. These
results indicate interscorer agreement in this study was equal to or better than agreement
for similar measures in other studies (Thurber, Shinn, & Smolkowski, 2002). Percent
agreement most likely is a function of the level of complexity involved in scoring. For
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example, interscorer agreement was best for math-fact measures, while interscorer
agreement for MBSP Concepts and Applications was the most variable (with agreement
as low as 79%). Identifying correct digits, and summing rows of scores, on the math-facts
measures was a relatively simple task, compared to identifying correct symbols/digits,
and summing scores on the MBSP Concepts and Applications measure.
Pre Test Measures - Participant Characteristics
Characteristics of the participants in terms of their initial math skill level can be
defined in part by examining the pre test scores. Standard Scores on the untimed
GMADE Computations and Operations test indicated participants in both the
experimental group and the control group were, on average, performing in the average
range when compared to a national sample. See Table 4.1 for participants’ means and
standard deviations for this test. The lowest pre test standard score for participants in both
the experimental and control groups was 70 (2nd percentile), and the highest was 120
(91st percentile), indicating participants’ skills ranged from significantly below average to
above average.
Analysis of participants’ pre test fact fluency performance compared with non¬
participating students indicated that participants were performing, on average, slightly
below non-participating students on all four operations (addition, subtraction,
multiplication, and division). See Table 4.1 for means and standard deviations for these
tests. Together, these results indicate study participants were less fluent than their non¬
participating peers in the basic math-facts, but were performing in the average range on a
test of untimed computation and operations skills.
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Table 4.1
Participant Characteristics
Pre-Test

Experimental

Measure

Mean (SD)

Addition Fact

Control
Mean (SD)

School A
Mean (SD)

School B
Mean (SD)

52.87 (11.71)

63.17(21.15)

(N = 11)

(N = 11)

(N = 67)

32.05 (9.49)

32.12(8.52)

41.66(14.48)

47.77 (16.77)

(N = 11)

(N = 11)

(N = 67)

(N = 47)

32.53 (17.20)

35.88 (16.90)

41.88 (25.98)

61.54 (28.43)

(N = 11)

(N = 11)

12.39 (9.04)

11.06 (6.41)

16.05 (12.56)

23.84(16.91)

(N = 11)

(N = 11)

(N = 62)

(N = 52)

19.14(5.57)

17.43 (5.36)

Not tested

Not tested

(N = 11)

(N = 11)

MBSP Concepts

23.51 (10.35)

25.39 (12.53)

Not tested

Not tested

and Applications0

(N = 11)

(N = 11)

93.55 (15.11)

90.27 (8.32)

Not tested

Not tested

(N= 11)

(N = 11)

Subtraction Fact
Fluency3
Multiplication Fact
Fluency3
Division Fact
Fluency3
MBSP
Computation

GMADE
Operations and

66.81 (22.23)
II

Fluency3

CO
SO
II

52.94(13.25)

(A =52)

Computations11

Note. “Means represent number of correct digits per two minutes. bMeans represent number of correct digits
per three minutes. 'Means represent number of correct symbols per six minutes. dMeans represent standard
scores.
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Intervention Integrity
Prior to answering questions of direct and indirect intervention effects, it is
important to establish that the participants in the experimental group did indeed
i

participate as planned (treatment integrity), and the intervention did in fact result in
improvement in addition and multiplication facts. Additionally, an analysis of the number
of participants who reached mastery / fluency criteria (see Chapter 2) for addition and
multiplication skills is necessary to discuss as performing at mastery criteria may be a
pre-condition for transfer. Because the hypotheses predicting transfer assume that the
intervention will, at the least, result in students performing addition and multiplication
facts with automaticity / fluency, failure to dramatically effect fluency in these two
operations could in part explain any transfer failure.
Of the 26 families who initially volunteered for participation in this study, 22
participants were included in the final analysis (11 each in the experimental group and
control group). Two participants in the experimental group dropped out. The first simply
stopped participating and communicating with the researcher after three weeks of
intervention with no explanation provided. A second student in the experimental group
was unable to participate for several weeks due to illness. Therefore, those two
participants, as well as their counterparts in the control group, were not included in the
analysis. A third student in the experimental group stopped participating in the
intervention after three weeks due to excess anxiety in response to being timed; however,
the student and parent agreed to participate in the post-testing.
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During the eight-week intervention, each participant and the principal investigator
graphed the student’s performance after each practice session. As described in Chapter 3,
students were required to complete four, 40-problem, timed trials (drills) each day, five
days per week, for 8 weeks. After each timed trial the student’s parent recorded the
student's accuracy (as percent accurate) as well as the student’s time to complete 40
problems (in minutes and seconds). Therefore, each day, the student had four accuracy
data points and four time data points. They graphed time data points and accuracy data
points on two separate graphs (one for time; one for accuracy). In addition to graphing
each of the individual trial data points, students and parents were asked to make an “X”
on their graph to indicate the approximate average of the four data points.
Most students began the study completing addition and multiplication at between
90% and 100% accuracy. And, all students except one were performing consistently at
near 100% accuracy within three to five days of the intervention. Therefore, changes in
accuracy were not analyzed. Only change in time to complete forty problems was
analyzed. Two out of the eleven participants in the experimental group did not practice
multiplication; the remaining nine participants practiced addition and multiplication facts
during the intervention period.
Graphs of daily average times clearly show improvement. Most students’ progress
followed a non-linear path, in which progress was made at the fastest rate at the
beginning of practice (during the first few days of the intervention), and the rate of
progress slowed over time. These findings are consistent with the “power law” of
learning described by Haberlandt (1999). Regarding the issue of reaching the mastery /
fluency zone (defined as responding at the rate of 40 problems in at least 60 seconds), 6
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out of 11 of the participants in the experimental group reached the mastery zone for
addition facts during the intervention, as recorded on their individual graphs. Also, 5 out
of 11 of the students in the experimental group reached the mastery zone for
multiplication facts during the intervention, as recorded on their individual graphs. Most
other students made substantial progress, but reached a low asymptote point before
reaching the mastery zone. See Appendix G for each participant’s graph, as well as a
more thorough discussion about the participants’ performance during the intervention.
Addition Fact Fluency Pre-Post Test Analysis
Performance on tests of addition fact fluency indicate the experimental group
made a greater mean gain in number of correct digits per two minutes (22.64), than did
the control group (3.95). A graph depicting the mean correct digits in two minutes at pre
and post-test for the experimental and control groups is provided in Figure 4.1. These
data indicate both experimental and control groups performed nearly equally at pre test,
but at post-test (following the intervention) performance was noticeably greater for the
experimental group.

i
*

Figure 4.1
Addition Fact Fluency Pre-Post Change by Group

Table 4.2
Means and Standard Deviations for Addition Fact Fluency Performance by Group

Pre Test

Post Test

N

M

SD

Experimental

11

52.94

13.25

11

75.58

30.07

11

22.64

21.17

Control

11

52.87

11.71

11

56.82

14.88

11

3.95

5.94

School A

67

63.17

21.15

60

66.67

20.92

58

2.64

10.57

SchoolB

47

66.81

22.23

49

71.48

23.92

42

8.39

10.58

Group

N

M

Gain

Note. Means represent number of correct digits in 2 minutes.
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SD

N

M

SD

A comparison of gain scores (indicating the gain made between pre and post tests)
between the experimental and control groups indicates the experimental group made
approximately five times the gain in addition fact fluency than that of the control group.
Comparing the experimental and control group mean gains to mean gain scores for non¬
participating fourth graders in Schools A and B, the experimental group clearly
demonstrates more gain than non-participating students. Although tested at different
times of the year (School A pre-tested in late October and post-tested in January; School
B pre-tested in January and post-tested in April), the pre-post gains of the two schools
and the control group all are similar to each other, and represent growth that occurred
without the intervention. Pre-test, post-test, and gain scores for each group are provided
in Table 4.2.
Not only did the experimental group participants make a superior average gain,
but post-test means indicate the experimental group was, on average, performing addition
facts more fluently than other students after intervention; however the experimental
group's post-test mean did not meet mastery criteria established in Chapter 2. A rate of
40 problems per minute (at 100% accuracy) has been considered by many authors to be
the upper limit of fluent recall of facts, with faster rates being more preferred. For
addition and multiplication fact problems, in which many answers contain 2 digits, a rate
of 40 problems per minute translates into approximately 60 digits per minute (see
Chapter 2 for details). Dividing the experimental group’s average post-test score by two
yielded only 38 correct digits per minute.
Only one participant in the experimental group achieved mastery criteria at post¬
test. No participants in the control group, however, achieved mastery criteria at post-test.
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Addition fact post-test performance data is discrepant from performance data collected
during the time of the intervention, which indicated that 6 participants had reached the
mastery zone. It appears that, in general, students performed less fluently on the post-test,
than they did on a parallel task taking place during the intervention. One reason for this
may be that there was a time lag of approximately four weeks between stopping practice
on addition facts and post-testing addition facts, during which most participants practiced
multiplication. Another contributing factor may have been differences between the
intervention and testing environments (participants were tested in their classroom in a
large group, but participated in the intervention individually with an adult). Still another
contributing factor may have been interference from practicing multiplication facts
during the period between addition practice and the addition post-testing.
A series of statistical tests were performed to determine whether differences in
addition fact fluency between groups were large enough to be considered statistically
significant. A Pearson Correlation test between experimental and control group addition
fact pre tests indicated that the groups’ pre-test were strongly correlated (R = .794, p <
.01). The Pearson Correlation was run in order to determine how closely the two groups
were matched on the addition fact fluency measure. If groups were strongly correlated on
that measure (defined here as a correlation of .50 or greater), groups were considered
closely matched, and a paired samples test was deemed appropriate. Because the addition
fact pre test scores of both groups were highly and significantly correlated, the groups
were considered well matched and so paired samples tests were used to analyze the
difference between the gain scores of the two groups. The difference between the gain
scores of participants was then analyzed for normality to determine whether the
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distribution met criteria for parametric analysis. For addition facts, skewness and kurtosis
were both within +/- 1.00 and so the paired samples, one tailed t-test was used for
analysis. Results indicate the experimental group made significantly more gain in
addition fact fluency than did the control group (t = 3.295; p = .004). The effect size,
measured using Cohen’s d, was calculated via the computer program G*Power
(Erdfelder, Faul, and Buchner, 1996), and was estimated to be large (d = .99) (Cohen,
1988).
Multiplication Fact Fluency Pre-Post Test Analysis
Results for multiplication facts appear even more dramatic than results for
addition facts, with the experimental group making a much greater mean gain in number
of correct digits per two minutes (54.32) than the control group (10.97). Performance at
pre-test was very similar between the two groups with the control group slightly
outperforming the experimental group, but at post-test, the experimental group
demonstrated greater fluency than the control group. A graph depicting the mean correct
digits in two minutes at pre and post-test for the experimental and control groups is
provided in Figure 4.2.
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Figure 4.2
Multiplication Fact Fluency Pre-Post Change by Group

Table 4.3
Means and Standard Deviations for Multiplication Fact Fluency by Group
Pre Test

Group

N

M

Post Test

SD

/V

Gain

M

SD

N

M

SD

Experimental

11

32.53

17.20

11

86.85

35.69

11

54.32

32.03

Control

11

35.88

16.90

11

46.85

25.79

11

10.97

17.68

School A

63

41.88

25.98

63

53.43

28.34

58

10.02

19.43

School B

52

61.54

28.43

49

57.71

29.66

47

.12

8.63

Note. Means represent correct digits per 2 minutes.
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Data from experimental, control, and non-participating fourth graders from the
two schools are presented in Table 4.3, and indicate the experimental group performed
far superior at post-test to any other group of students. Gain scores indicate the
experimental group made close to 5 times the growth over an 8-week period than all
other students. Despite these gains, the experimental group’s average post-test
performance, at 43 digits per minute, did not reach the desired mastery criteria (of
approximately 60 digits per minute; see Chapter 2 for details on mastery criteria).
At the individual level, three participants in the experimental group reached
mastery criteria for multiplication fact fluency at post-test; none of the participants in the
control group reached mastery criteria. As with addition facts, post-test multiplication
fact performance data are discrepant from performance data collected during the time of
the intervention, which indicated that five of the eleven participants had reached mastery
criteria. It appears that, in general, students performed less fluently on the post-test than
they did on a parallel task during the intervention. Differences in environments
(participants were tested in their classroom in a large group, but participated in the
intervention individually with an adult), could possibly explain the discrepancy between
addition fact performance during intervention and addition fact performance during post¬
test.
To determine whether differences in multiplication fact fluency gain were
statistically significant, a statistical analysis was conducted. A high correlation between
the multiplication facts pre tests for the control and experimental group (R = .72, p < .05)
indicated participants were well matched on this measure, and a paired samples test was
used. The difference between the gain scores of participants was then analyzed for
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normality to determine whether the distribution met criteria for parametric analysis. This
distribution was negatively skewed, exceeding the +/- 1.00 guideline, indicating a non
normal distribution. Therefore, the Wilcoxon Signed Ranks Test, a non-parametric test
for paired samples was used. This analysis indicated the experimental group’s gain in
multiplication facts was significantly larger than that of the control group (Z = -2.58; p =
.005, one tail). A common language effect size was calculated by observing the
proportion of positive difference scores. Nine positive ranks out of eleven possible
positive ranks resulted in an effect size of 88%, meaning that 88% of the experimental
participants made larger gains than did their matches in the control group.
Controlling for Type I Family wise Error
Addition fact fluency and multiplication fact fluency were grouped under the
same hypothesis, namely, that the experimental group would outperform the control
group in addition and multiplication - the operations targeted by the intervention.
Following the Holm procedure (Holm, 1979), the smallest p-value (that of addition, p =
.004) was compared to alpha divided by 2, or 0.025. The addition fact p-value remained
significant, as did the multiplication p-value (.005) when compared to alpha divided by 1,
or .05. After this procedure, differences between groups for both of these measures
remained statistically significant.
Several important findings regarding both intervention implementation integrity,
and the effects of the intervention on participants’ addition and multiplication fact
fluency can be summarized as follows. First, most students in the experimental group
practiced both addition and multiplication facts as planned. Two of eleven students did
not practice multiplication during the intervention. Second, it appears that the
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intervention made a significant and positive impact on most students’ addition and
multiplication fact fluency. Approximately 50% of the experimental participants reached
the mastery zone in addition (40 problems in 60 seconds or less) according to their
intervention graphs, and approximately 40% reached mastery zone in multiplication. The
experimental group's average gain between pre and post-test, on addition and
multiplication facts, was significantly greater than the control group’s average gain, even
after controlling for family wise Type I error. Effect sizes for both addition and
multiplication were large. Experimental gain scores also were greater than gains made by
other fourth grade students in the two schools, however, statistical analysis relative to this
finding was not conducted due to the difference in time of testing.
Addressing the Research Questions
Students participating in the experimental group clearly increased their fluency on
addition and multiplication facts - the targeted skills of the intervention. Next, questions
of transfer are addressed. Specifically, did improving fluency in addition and
multiplication facts result in greater gains in subtraction and division fact fluency, in
more complex computation problems, and in more complex applied mathematics
problems? Each research question is reviewed, followed by analysis of the pre and post¬
test data.
Research Question #1
What are the effects of improving students’ addition and multiplication fact
fluency on facts that were not targeted during the intervention: subtraction and division
facts?
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Subtraction Fact Fluency Pre-Post Test Analysis
Performance on tests of subtraction fact fluency indicate the experimental group
made a greater mean gain in number of correct digits per two minutes (experimental
mean gain 13.11), than the control group (control group mean gain 7.88). A graph
depicting the mean correct digits in two minutes at pre and post-tests for the experimental
and control groups is provided in Figure 4.3. These data indicate equivalent performance
at pre-test, but a higher mean performance for the experimental group at post-test. The
experimental group also made a greater mean gain than other, non-participating fourth
grade students in Schools A and B. The experimental group outperformed the control
group during post-test, but unlike results for addition and multiplication facts, the
experimental group performed more poorly at post-test than other, non participating
fourth grade students at both schools. Table 4.4 contains means and standard deviations
for Subtraction Fact fluency pre, post, and gain score data for participants in the
experimental and control groups, as well as for non-participating students in both schools.
Post-test scores indicate the experimental group, on average, did not reach
mastery criteria (40 problems per minute, or 40 digits per minute for subtraction
problems). When individual participant post-test data are inspected, not one participant
reached mastery criteria at post-test. These descriptive results indicate a much less
powerful change in experimental participants’ subtraction fluency, than was evidenced
for addition and multiplication facts.
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Figure 4.3

Table 4.4
Means and Standard Deviations for Subtraction Fact Fluency by Group

Pre Test

Group

N

M

Post Test

SD

N

M

Gain

SD

N

M

SD

Experimental

11

32.05

9.49

11

45.15

11.29

11

13.11

9.54

Control

11

32.12

8.52

11

40.00

12.62

11

7.88

9.30

School A

67

41.66

14.48

60

47.69

16.07

58

5.14

9.26

School B

47

47.77

16.77

50

54.95

18.69

43

10.67

7.08

Note. Means represent correct digits per 2 minutes.

To determine whether differences in subtraction fact fluency gain were
statistically significant, the following procedures were followed. Pre test gain scores
between the two groups demonstrated a medium correlation with a p-value that
approached, but did not reach statistical significance (R = .579, p = .06). This correlation
indicated the two groups were sufficiently matched on this measure and a paired samples
test was judged appropriate. The difference between the gain scores of participants in
each group was then calculated. Skewness, kurtosis, and histograms were analyzed to
determine the degree of normality of the difference in gains. Skewness and kurtosis were
both within normal limits (i.e. +/- 1.00) and together with the histogram, the distribution
appeared to be normal. Therefore a paired samples one tail t-test was conducted. Results
indicated that the gain made by the experimental group approached but did not meet
statistical significance at the one tail level (t = 1.71, p = .058). The effect size, calculated
via G*Power was estimated to be medium (d = .52) (Cohen, 1988; Erdfelder et al., 1996).
Division Fact Fluency Pre-Post Test Analysis
Performance on tests of division fact fluency indicate that the experimental group
made a greater mean gain in number of correct digits per two minutes (mean gain =
14.46), than the control group (mean gain = 10.09). A graph depicting the mean correct
digits in two minutes at pre and post-tests for the experimental and control groups is
provided in Figure 4.4. These data indicate the two groups were performing similarly at
pre test, with the experimental group performing slightly better (more fluently). The
experimental group also made a greater mean gain than other, non-participating fourth
grade students in Schools A and B. At post-test, the experimental group outperformed the
control group and students in School A, but not School B. School B was at an advantage,
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however, due to time of testing. Table 4.4 contains means and standard deviations for
Division Fact fluency pre, post, and gain score data for participants in the experimental
and control groups, as well as for non-participating students in both schools.
None of the groups, including the experimental group, met mastery criteria (40
problems per minute, or 40 digits per minute for division problems) at an average level at
post-test. When individual participant post-test data are inspected, not one experimental
group participant reached mastery criteria at post-test. Like subtraction fact fluency
results, these descriptive results indicate a much less powerful change in experimental
participants’ division fact fluency, than was evidenced for addition and multiplication
facts.

Figure 4.4.
Division Fact Fluency Pre-Post Change by Group
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Table 4.5
Means and Standard Deviations for Division Fact Fluency by Group

Pre Test

Post Test

Group

N

M

Experimental

11

12.39

9.04

Control

11

11.06

School A

62

SchoolB

52

SD

N

Gain

M

SD

11

26.85

14.52

11

14.46

7.65

6.41

11

21.15

10.23

11

10.09

10.45

16.05

12.56

63

24.38

13.63

58

7.91

8.72

23.84

16.91

49

30.88

16.31

47

9.47

6.13

N

M

SD

Note. Means represent correct digits per 2 minutes.

To evaluate whether the difference between the two groups was large enough to
be of statistical significance, statistical analysis was conducted. The correlation between
division pre test scores between the two groups was poor and non-significant (R = .296; p
= .378) and therefore on this measure, the two groups were treated as independent
samples. Gain scores for the experimental and control group were analyzed separately to
evaluate whether they met the normality criteria for parametric analysis. Skewness and
kurtosis were w ithin acceptable limits for experimental group, but skewness and kurtosis
were high for the control group. The non-parametric test, Mann Whitney U, would not
have been appropriate as it assumes similar distributions (shapes). Therefore, an
independent samples t-test was determined to be the most appropriate test in this
situation. Results from the t-test using a one-tail level of significance indicate that the
difference betw-een the groups was not significant (t = 1.118; p = .138). Effect size, as
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calculated by the G*Power program was estimated to be medium (d = .48) (Erdfelder et
al., 1996; Cohen, 1988).
Controlling for Type 1 Familywise Error
Subtraction fact fluency and division fact fluency were grouped under the same
hypothesis, namely, that the experimental group would outperform the control group in
subtraction and division - the operations not targeted by the intervention. Following the
Holm procedure, the smallest p-value (that of subtraction, p = .058) was compared to
alpha divided by 2, or 0.025. Using this criterion, the subtraction fact p-value was not
considered statistically significant and no further procedures were deemed necessary.
Differences between groups for subtraction facts and division facts were not statistically
significant.
In summary, descriptive statistics indicated that although the experimental group
made greater gains and outperformed the control group at post-test on subtraction and
division fact fluency, differences in gain scores were not statistically significant. Whereas
at least a few of the experimental participants were able to meet mastery criteria at post¬
test for addition and multiplication, none of the participants were able to meet mastery
criteria during post-test for subtraction or division facts. Effect sizes were estimated to be
medium, however, and despite a noticeably weaker change in experimental group
subtraction and division fact fluency, evidence suggests that change may have in fact
occurred. Lack ol statistical power may have in part contributed to a failure to find
signilicant dilferences between the groups. Later in this chapter, statistical power will be
addiessed with regard to each of the mathematics performance measures.
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Research Question #2
What are the effects of improving students’ basic math-fact automaticity on their
performance on more complex (grade level) math computation problems?
Two measures were used to answer this question. First, students were
administered the Monitoring Basic Skills Progress (MBSP) Computation timed tests of
computation fluency. The purpose of these tests was to evaluate whether students in the
experimental group made gains in fluency (accuracy and speed) when given grade level
computation problems. The second measure, the fourth grade level Group Mathematics
Assessment Diagnostic Evaluation (GMADE) Operations and Computation subtest, a
much less sensitive measure of change, was an untimed, multiple-choice test. The
purpose of this test was to evaluate whether students in the experimental group made
gains in accuracy (since time was not a factor). Results of analyses on each measure are
presented and discussed in turn.
MBSP Computation Pre-Post Test Analysis
Performance on tests of complex computation fluency indicate that the
experimental group made a greater mean gain in number of correct digits per three
minutes (mean gain = 7.93), than the control group (mean gain = 5.05), although it was a
marginal difference. At pre-test, the experimental group was performing noticeably
higher than the control group. A graph depicting the mean correct digits in two minutes at
pre and post-tests for the experimental and control groups is provided in Figure 4.5.
Experimental and control group means and standard deviations for the Division Fact
fluency pre, post, and gain score data are contained in Table 4.6.
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Figure 4.5
MBSP Computation Pre-Post Change by Group

Table 4.6
Means and Standard Deviations for MBSP Computation Fluency by Group

Pre Test

Group

Post Test

Gain

N

M

SD

N

M

SD

Experimental

11

19.14

5.57

11

27.07

10.43

11

7.93

6.85

Control

11

17.43

5.36

11

22.48

6.83

11

5.05

4.02

Note. Means represent correct digits per 3 minutes.
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N

M

SD

In order to evaluate whether the difference between the two groups was large
enough to be of statistical significance, statistical analysis was conducted. Because the
correlation between MBSP computation pre test scores between the two groups was poor
(R = .485; p = .130), the two groups were treated as independent samples. Gain scores for
the experimental and control group were analyzed separately to evaluate whether they
met the normality criteria for parametric analysis. Skewness and kurtosis of the gain
scores for each of the groups were high indicating non-normal distributions. The non
parametric test, Mann Whitney U, was considered appropriate. Results from the Mann
Whitney U test using a one-tail level of significance indicate the difference between the
groups was not significant (U = 49.50; p = .239). Effect size was calculated by dividing U
by the product of the sample size of each group. These calculations yielded an effect size
of .41, indicating that only 41% (fewer than half) of the experimental participants made
gains greater than those in the control group (Newcombe, 2006; Vargha & Delaney,

2000).
GMADE Operations and Computation Pre-Post Test Analysis
Performance on the GMADE Operations and Computation multiple choice test at
pre and post test indicate that the experimental group and control group made a mean
equivalent gains in standard score. Figure 4.6 is a graph depicting the mean standard
scores at pre and post-tests for the experimental and control groups. After comparing pre
and post test scores, the experimental group achieved a higher mean standard score at
both pre and post test. No interaction is visible. Table 4.7 contains means and standard
deviations for pre, post, and gain scores for each group.

100

Figure 4.6
GMADE Operations and Computation Pre-Post Change by Group

Table 4.7
Means and Standard Deviations for GMADE Operations and Computation by Group

Pre Test

Group

Post Test

N

M

SD

Experimental

11

93.55

15.11

Control

11

90.27

8.32

N

Gain

M

SD

11

99.27

13.95

11

5.73

9.42

11

96.36

12.09

11

6.09

11.30

Note. Means represent standard scores.
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N

M

SD

Statistical analysis confirmed visual inspection of the graph. Because the
correlation between GMADE pre test scores of the two groups was strong and significant
(R = .753; p = .008), the two groups were treated as matched samples. The difference
between the gain scores for the groups was analyzed to evaluate whether they met the
normality criteria for parametric analysis. Although the skewness was acceptable, the
kurtosis was high indicating a non-normal distribution. Therefore, the non-parametric
test, Wilcoxon Signed Ranks Test, was considered appropriate. Results from the
Wilcoxon test using a one tail significance level indicate the difference between the
groups was nearly zero and not statistically significant (Z = -.044; p = .483). Effect size,
calculated as the proportion of positive ranks out of total ranks, was .45, indicating that
only 45% of the experimental participants made more gain than their matched peers in
the control group.
Results from the MBSP Computation pre and post-tests, as well as the GMADE
Operations and Computation pre and post-tests, indicate that participants in the
experimental group did not perform significantly better than the control group on more
complex, multi-digit, computation problems. While there was a slight difference in gain
evident in favor of experimental group for the MBSP Computation test, this was a
difference of less than 3 digits per two minutes. Groups made nearly equivalent gains in
standard score on the GMADE Operations and Computation tests. Effect sizes for the two
measures indicate that only approximately half of the students in the experimental group
outperformed students in the control group, indicating no real difference between the
performance of the groups.
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Research Question #3
What are the effects of improving students’ basic math-fact automaticity on their
performance on more complex (grade level) applied mathematics problems?
MBSP Concepts and Applications Pre-Post Test Analysis
Performance on tests of complex application problem fluency indicate nearly
equivalent gains in number of correct digit/symbols written in 6 minutes by both the
experimental and control groups. A difference in gain of about 1 digit / symbol was
found, and the control group outperformed the experimental group at both pre and post¬
test. However, mean scores were so similar as to suggest no difference between the
groups. Figure 4.7 contains a graph depicting the mean correct digits per 6 minutes at pre
and post-tests for the experimental and control groups. Table 4.8 contains means and
standard deviations for pre, post, and gain scores for each group. No interaction was
apparent.
Figure 4.7
MBSP Concepts and Applications Pre-Post Change by Group
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Table 4.8
Means and Standard Deviations for MBSP Concepts and Applications by Group

Pre Test

Group

N

M

Post Test

Gain

SD

N

M

SD

N

M

SD

Experimental

11

23.51

10.35

11

38.15

16.12

11

14.64

8.52

Control

11

25.39

12.53

11

41.30

16.00

11

15.91

11.66

Note. Means represent number of correct symbols in 6 minutes.

Statistical analysis confirmed visual inspection of the graph. Because the
correlation between MBSP Concepts and Applications pre test scores of the two groups
was poor (R = .168; p = .662), the two groups were treated as independent samples. Gain
scores for the experimental and control group were analyzed separately to evaluate
whether they met the normality criteria for parametric analysis. Although the skewness
was acceptable, the kurtosis was high for the control group indicating a non-normal
distribution. Despite deviation from normality, an independent samples t-test was
conducted because the Mann Whitney U test assumes similar distribution shapes. Results
from the t-test using a one tail level of significance indicate the difference between the
groups was non-significant (t = -.292; p = .387). Effect size, calculated using G*Power,
was very small (d = .13) (Cohen, 1988; Erdfelder et al., 1996).
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Power
Results gained from statistical analyses cannot fully be interpreted without
addressing issues of statistical power. Power refers to the ability of a statistical test to
detect a statistical difference between distributions (and reject the null hypothesis) when a
statistical difference truly exists (and the null hypothesis is false) (Vogt, 1993). Power is
dependent on the sample size, effect size, and statistical significance criterion (Cohen,
1988). Out of the seven statistical analyses that were conducted (one for each measure),
two of the analyses utilized one tail, paired samples t-tests (addition fact fluency and
subtraction fact fluency), two of the analyses utilized one tail, independent samples t-tests
(division fact fluency and MBSP Concepts and Applications), and the rest utilized nonparametric tests. It was possible to compute a-priori power for the t-tests. A-priori power
was calculated via the computer program, G*Power (Erdfelder et al., 1996).
Given a one tailed test, an alpha of .05, an anticipated medium effect size (.50;
Cohen, 1988), and a sample size of 11, power for paired samples t-tests was estimated to
be 0.46. Power of .80 has been considered the minimum desirable (Cohen, 1988).
Therefore, estimated power of 0.46 can be considered quite low, indicating that given the
sample size, alpha level, and predicted effect size, it was unlikely that the statistical test
was able to detect a difference when a true difference existed. Given a one tailed test, an
alpha of .05, an anticipated medium effect size, and a sample size of 11 in each group,
power for independent samples t-tests was estimated to be 0.30. This power is also quite
low. Given these parameters, t-tests performed in this study had very low power, making
a Type II error likely (finding no statistical difference when, in fact, a difference exists).
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One factor contributing to low statistical power could have been inadequate
sample size. Given a one tailed, dependent samples t-test, an alpha of .05, and an
anticipated medium effect size (.05), G*Power estimated that 27 pairs would have been
needed (or 27 students in each group) to achieve .80 power. Given the same parameters
but an independent samples t-test, G*Power estimates that approximately 50 participants
in each group would have been necessary to achieve .80 power. Power could not be
computed for the non-parametric tests.
Research Question #4
Are there differential effects of this intervention based on a student’s initial level
of math-fact proficiency?
Due to the small sample size used in this research study, the obtained data were
not subjected to statistical analyses to answer this question. Rather, graphs depicting
participant performance on measures of interest, located in Appendix G, provide data that
help to answer this question. Looking at participant start times (first data points for
addition and first data points for multiplication) in relationship to whether they reached
the mastery zone (60 seconds or less), it is possible to make the generalization that the
slower the participant's initial start time, the less likely that participant was to reach the
mastery zone. The faster the participant’s initial start time, the more likely that participant
was to reach the mastery zone. For example, for 10 of the 11 participants, graphs in
Appendix G demonstrate that students whose initial start times were at or above 160
seconds were unable to reach the mastery zone. It is important to remember, however,
that these generalizations are true given the structures and time limits of this intervention.
That is, intervention time limit was 8 weeks, participants were provided with a limited
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range of strategy instruction and extra flashcard practice, and participants were switched
to next operation if asymptote was reached for 3-5 days. As such, it may very well be
possible that students with very slow initial start times would have reached the mastery
zone, given more weeks of the intervention, and / or given more effective targeted
practice procedures or strategies.
Research Question #5
Are the goals of the intervention, the procedures, and the outcomes valued and
acceptable to the students, teachers, and parents?
Thirteen participating families (7 experimental, 6 control) completed post¬
intervention rating scales and answered open-ended questions (see Appendix C for copies
of the rating scale and questions). Table 4.9 contains mean ratings by question and by
respondent. Students responded to 12 items; parents responded to 13 items. Students and
parents responded by circling ratings, ranging from 1 - 7, with “1” representing
“disagree” or “no,” and “7” representing “agree” or “yes.” A rating of “4” represented
“somewhat.” Items targeted the do-ability of the intervention (e.g. was it too difficult?
Did it take too much time?), the value of the intervention (e.g. did it teach important
skills?), the perceived benefits/outcomes (e.g. will help me do better in math class? Will
improve my self-esteem? Quickly improved my child’s skills?”), and unintended
negative outcomes (e.g. caused conflict between student and parents?).
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Table 4.9
Descriptive Statistics for Post-Intervention Rating Scale

Student Question
... was easy for me to
stick with?
.. .took too much time?
...taught me important
skills?
...was fun to do?
...was easy to do with my
family?
...helped me feel better
about myself?
...caused arguments
between myself and my
parents?
...will help me do better
in math class?
...was easy to make time
for?
.. .quickly improved my
skills?
...caused me discomfort?
...was too difficult for
me?

Student
Response
Mean (SD)
5.77 (2.09)
2.00(1.78)
6.77 (.60)

Parent Question
.. .was easy for my child to
stick with?
.. .required too much time?
...taught important skills?

Parent
Response
Mean (SD)
5.92(1.55)
1.92(1.26)
6.85 (.38)

«
4

)
1

5.38 (2.57)
4.92 (2.57)
5.46 (2.37)
2.31 (2.18)

6.85 (.56)
4.77 (2.17)
6.00(1.78)
1.25 (.87)
1.23 (.83)

.. .was suitable for my child?
.. .was easy for me to assist
with at home?
.. .improved my child’s self
confidence?
.. .caused conflict between
myself and my child?
...will have lasting positive
effects?
... was easy to make time for?
.. .quickly improved my
child’s skills?
...caused my child some
discomfort?
...was within my skill level?
...was acceptable in our
home?

6.92 (.28)
6.46 (1.66)

in
»

6.69 (.48)

">
*>

2.54 (2.18)

6.38 (.77)
5.85 (1.07)
5.92(1.04)
3.08 (2.1)
7.00 (.00)
6.92 (.28)

In terms of the intervention’s “do-ability,” parents found the intervention to be
well within their skill level, acceptable in their home, easy to do with their children, and
easy to make time for. Students found the intervention within their skill level, somewhat
easy to make time for and do with their family, and considered to be fun to do. In terms
of the intervention's perceived benefits/outcomes and value, parents and students thought
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the intervention taught important skills, raised the student’s self confidence, and will have
lasting positive effects in helping the student with math. In terms of unintended, negative
outcomes, parents and students felt that there were few, although not zero, interventionrelated conflicts between parent and student, or intervention-related discomfort.
Student and parent written responses to open ended questions, as well as verbal
comments to the researcher, provided more detail. Many students commented that the
intervention helped them improve their math skills. Some students and parents
specifically noted progress in their math classroom’s weekly or biweekly timed mathfacts tests. Some parents noted that math homework seemed to be easier and going more
smoothly since participating in the intervention. A few parents and students had observed
no changes in math classwork, homework, or math tests. Several parents noted that they
saw a noticeable improvement in their child’s confidence with mathematics. Some
students and parents described the intervention as “fun,” and one student and one parent
specifically commented that it was fun to try to “beat the clock,” and it was helpful to see
progress on a graph.
Four parents made a very interesting and unexpected comment. They reported the
intervention was an opportunity to spend positive time with their children. Some parents
(and even some students) wanted to keep the intervention materials so they could
continue to practice at home after the official 8-week intervention had expired. One
parent wrote that the intervention ‘helped my daughter and I to start a pattern of working
well on her math skills” and another parent verbally shared that she planned to
independently try this intervention with her other child.
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Two students specifically mentioned that earning monetary rewards for weekly
participation made the intervention likeable; however, most participants seemed to enjoy
the intervention independent of the monetary rewards. When parents and students were
asked if they would do this project again but without money rewards for participation,
nine students out of thirteen, and twelve parents out of thirteen, said “yes.”
When students and parents were asked what they did not like about the program,
#

or what was difficult about the program, several parents replied that remembering to do
the intervention, and fitting the intervention into their daily schedule was sometimes

)

difficult; but in those situations they found it reasonable to do two days of practice within
3#
.

I

one day it necessary. Parents did not offer any recommendations/suggestions for
'""•t

changing the intervention in the future.
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CHAPTER 5
DISCUSSION
This chapter presents a discussion of the results of the current investigation,
comparisons of these results with previous research and theoretical explanations,
implications for practice, limitations of the current investigation, and future questions and
directions.
Results Summarized
Targeted Facts: Addition and Multiplication Fact Fluency
The research questions this study addressed required experimental participants to
achieve fluency rates of performance on addition and multiplication facts. A fluent or
automatic level of responding was defined as performing math-facts at the rate of 40
problems in at most 60 seconds, and was termed the mastery zone (see Chapter 2 for how
the rate was derived). Because the research questions in this investigation focused on
whether transfer would occur when fluency of basic facts was improved or made
automatized, effects of the intervention on addition and multiplication fact fluency should
first be discussed.
Results of pre-post test analyses indicated the experimental group made a greater
gain in addition and multiplication fact fluency than the control group. This difference
was statistically significant. The experimental group also made a greater mean gain than
non-participating fourth grade students in the two schools. Effect sizes for both addition
and multiplication fact fluency measures were large.
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Not all experimental participants were able to reach fluent levels of performance.
During the intervention period, 6 out of 11 participants in the experimental group reached
the mastery zone for addition fact fluency during the intervention, and 5 out of 11
participants reached the mastery zone for multiplication fact fluency. Participants who
did not reach the mastery zone made substantial progress, but reached a low asymptote
point before reaching mastery. Post-test performance rates for this group were slower.
The experimental group's average rate of performance at post-test for both addition facts
and multiplication facts was below the mastery criterion. Only one experimental
participant achieved mastery criteria on the addition facts fluency post-test, and only
three experimental participants achieved mastery criteria on the multiplication facts
fluency post-test.
In summary, these results indicate that the intervention had a large and
statistically significant effect on addition and multiplication fact fluency, but fewer than
half of the experimental participants performed these facts at mastery level. It is possible
that failure to detect transfer to other and more complex mathematics skills may have
been due in part to the fact that many students in the study did not achieve automatic
rates of responding to addition and multiplication facts.
Research Question #1
It was hypothesized that gains in addition and multiplication fact fluency would
result in gains in subtraction and division fact fluency (relative to the gains made by
matched peers in the control group). Results from this investigation are intriguing and
suggest that this transfer may have occurred. Differences in pre-post scores between the
experimental and control group on measures of subtraction and division facts were not

statistically significant; however, effect sizes for both subtraction and division were
estimated to be medium. A lack of statistical power due to small sample size may have
prevented the differences between groups from reaching statistical significance.
Research Question #2
It was hypothesized that improving students' basic math-fact fluency would result
in gains in accuracy and / or fluency on tests of multiple-digit computation (e.g. more
complex, grade level computation problems requiring use of algorithms or procedures),
relative to students in the control group. Two measures were used to answer this question.
The Monitoring Basic Skills Progress (MBSP) Computation probes are timed tests that
measure the accuracy and speed of student production of correct digits per unit of time
(in this case, the duration was 3 minutes). The Group Mathematics Assessment and
Diagnostic Evaluation (GMADE) Operations and Computations subtest is an untimed test
that measures accuracy only using a multiple-choice format for responding. It was
thought that the GMADE measure would provide evidence of gains in accuracy of
computation skills. Due to lack of sensitivity with the GMADE, the MBSP Computation
probes were used to provide a measure of change in student fluency.
Results indicated there was no statistically significant difference between the
groups’ performance on the GMADE or the MBSP Computation. Effect size estimates
indicated that tewer than half of the experimental participants made gains greater than
those in the control group for either the GMADE subtest or the MBSP Computation
measure. It is likely that these results indicate a lack of transfer using these dependent
measures.
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Research Question #3
It was hypothesized that gains in students' basic math-facts would result in gains
on tests of applied mathematics problems, relative to students in the control group.
Applied problem performance was measured using MBSP Concepts and Applications
probes. Like MBSP computation probes, MBSP Concepts and Applications probes are
timed tests and measure students' fluency (speed and accuracy) on a broad range of grade
level problems. Problems included simple word problems, questions requiring graph or
chart analysis, questions about time, money, measurement, and questions requiring
knowledge of geometry concepts. Results of pre and post test analysis indicated the
experimental and control groups made nearly equivalent gains in number of
digits/symbols written in 6 minutes, and differences between the two groups gain scores
were non-significant.
Research Question #4
It was hypothesized that this intervention would have differential effects based on
the participant’s initial level of fluency in addition and multiplication facts. Students with
lower initial fluency scores were expected to make smaller gains in fluency. Two
observations were made from the data. First, the slower the participant’s initial time (i.e.
the number of seconds required to complete 40 problems during the first four trials), the
less likely that participant was to reach the mastery zone before reaching a low asymptote
point. With one exception, those whose initial performance rates were at approximately
four seconds per problem during the first day of practice were unable to reach the
mastery zone during the intervention period. Participants with faster initial rates reached
mastery levels. This does not mean, however, that participants with slower initial times
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made smaller gains or less progress than participants with faster initial times. When
average daily change in seconds was analyzed, participants who had slower start times
made more mean change in seconds per day than participants with faster start times.
Typically, those students made more progress during the first few days of practice, but
performance leveled off before reaching the mastery zone.
Research Question #5
It was hypothesized that the intervention goals, procedures, and outcomes would
be valued by the participants. Results from post-intervention questionnaires and
comments from parents and students indicated that overall, parents and students found
the intervention easy and fun to do. Parents and students also thought the intervention
taught important skills and improved student self-confidence. Most participants reported
that they enjoyed the intervention itself, independent of monetary compensation, and
would do it again without monetary compensation; however, it is not known to what
extent the presence of compensation maintained participant motivation to participate in
the intervention.
Comparisons With Previous Research
Practice Methods
Most of the experimental literature on math-fact fluency published since 1990 has
focused on investigating specific methods of increasing students’ fluency with basic
math-facts. Successful methods include: Cover Copy Compare, Constant Time Delay,
flashcard procedures that place an emphasis on speed of response and gradual mastery of
problems, short timed drills with performance feedback, goal setting, strategy instruction,
and adding untimed practice of lesser known problems to timed practice (Burns, 2005;
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Chiesa & Robertson, 2000; Codding, Lewandowski, & Eckert, 2005; Codding, Shiyko,
Russo, Birch, Fanning, and Jaspen, 2007; Hartnedy, Mozzoni, & Fahoum, 2005; Hayden
& McLaughlin, 2004; Jolivette, Lingo, & Houchins, 2006; Lee & Tingstrom, 1994;
McCallum, Skinner & Hutchins, 2004; McCallum, Skinner, Turner & Saecker, 2006;
Miller Hall, & Heward, 1995; Poncy, Skinner, & Jaspers, 2007; Poncy, Skinner, &
O'Mara, 2006; Rhymer, Dittmer, & Skinner, 2000; Sante, McLaughlin, & Weber, 2001;
Sweeney, Sweeney, & Malanga, 2001; Tournaki, 2003; Woodward, 2006). Each of these
methods provide extensive and distributed practice, and most place an emphasis on speed
of response - two general components of automatizing any skill (Haberlandt, 1999;
Camine, 1989).
The intervention used in this study was modeled after that used in Royer and
Tronsky (1998) and combined several of the effective components mentioned above. All
participants engaged in timed drills with performance feedback. Some students engaged
in untimed practice of subsets of facts, strategy instruction, and goal setting, if needed.
Graphs of the experimental participants’ progress demonstrated that most participants
made substantial gains in fluency with addition and multiplication facts using these
methods. As Royer and Tronsky (1998) noted in their publication, several students
appeared to be motivated by performance feedback alone. When student motivation and
effort lagged, goal setting and incentives tied to goals were added.
Similar to findings from other learning experiments, several of the participants’
time graphs seemed to follow a curvilinear trend, described as the “power law of
practice” (Haberlandt, 1999; Logan, 1997). For most participants, the slope (rate) of their
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performance was steep at first and then decreased with extended practice until a low
asymptote point was reached (Haberlandt, 1999; Logan, 1997; Royer & Tronsky, 1998).
Despite substantial fluency gains made by most participants, not all participants
achieved mastery levels of fluency in this study. One reason for this finding may have
been the content of the practice drills. The timed drills used here contained a random
assortment of all facts in a given operation. This sets the procedure used in this study
apart from several previous studies in which students only practiced a subset of mathfacts in an operation (e.g. facts through the 5’s tables). In addition, several previous
studies controlled the presentation of lesser known or less fluent facts to the participants
(e.g. Burns, 2005; Woodward, 2006; Poncy, Skinner, & O’Mara, 2006). For some
students, it is possible that an approach that targeted the extensive practice of only nonfluent or non-automatic facts may have been more effective, or an approach that
controlled the presentation of non-fluent facts may have been more effective for some
students.
Another reason not all students in this study achieved mastery levels may be due
to participants’ writing speed limits. The investigation by Royer and Tronsky (1998) had
required oral responses from students during practice and assessment, excluding writing
speed as a limiting factor. In this study written responses were used to check
implementation integrity and to allow for inter-scorer agreement checking of pre and
post-tests.
Transfer
This study investigated whether improving students’ math-fact fluency
(specifically addition and multiplication fact fluency) would lead to larger gains in
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subtraction and division fact fluency, complex computation accuracy and fluency, and
applied problem fluency. Only three published experimental studies existed at the time
this study was completed that addressed similar issues of transfer, and only two of those
studies employed control groups (Toumaki, 2003; Royer & Tronsky, 1998; Singer-Dudek
& Greer, 2005). This investigation contributed to the existing literature in three critical
ways.
First, the effect sizes in this study, though not statistically significant, support the
findings made by Royer and Tronsky (1998) that fluency gains for one set of basic
number combinations leads to fluency gains on other sets of basic number combinations.
Results from this study did not support the hypothesis that increasing math-fact fluency
leads to gains in more complex computation and applied math skills given 8 weeks of
intervention, a finding that contradicts causation assumptions made by correlational
research, as well as findings made by Tournaki (2003) and Van Houten (1980), who
found that increased fluency with basic addition facts improved fluency of responding to
three, single digit addends (i.e. Tournaki, 2003), and that increased fluency with basic
multiplication facts improved fluency of responding to multiple digit multiplication and
division problems (i.e. unpublished study by Van Houten, 1980).
Second, the current investigation utilized a matched control group. Royer and
Tronsky (1998) found that students who engaged in intensive fluency practice on addition
facts (as well as two digit by one digit addition problems) during a six week period, made
gains not only in addition, but also in subtraction and multiplication fluency. Their study
suffered one major limitation: they did not use a control group. Participants were tested
weekly in subtraction and multiplication, therefore making testing and maturation both
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threats to the validity of the study’s internal validity. By using a control group in the
current investigation, results can be interpreted with more confidence.
Third, the current investigation utilized dependent measures that sampled broadly
from the typical grade level curriculum, thereby maximizing the generalizability of the
results. Although using a broad sample of math skills may have decreased the sensitivity
of the measures to detect transfer effects, it was thought that if differences were detected
by these measures, then differences would probably be large enough to be detected by
classroom assessments.
Theoretical Explanations
Several theories could account for the observed improvement in participant
scores. One explanation is that the intervention improved participants’ sense of success
with math tasks and increased their motivation to engage in math tasks (Feather, 1982).
In all the classrooms of School A, classroom teachers administered 3-minute timed mathfact drills once or twice per week throughout the intervention period. Subtraction facts
were targeted during this time for many of the students. Therefore, it is possible that an
interaction occurred between this intervention and the classroom timed drills, such that
participants in the experimental group expected to be more successful with classroom
drills, and put forth more effort. This explanation would not necessarily account for
improvement in observed division fact fluency, since few students in School A were
engaging in classroom timed division fact drills. A variation on this explanation is offered
by Royer and 1 ronsky (1998) who write that transfer between operations could occur if
confidence in direct retrieval as a strategy was increased in general. That is, students who
learned, through the intervention, that direct retrieval could be accurate and efficient
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when solving one set of facts, may be more likely to try using direct retrieval more often
when solving another set of facts.
Another plausible explanation is that strengthening a participant’s memory
(network) for addition and multiplication facts also strengthened the participant's
memory for related subtraction and division facts. That is, if one knows that 3 + 6 = 9,
and can quickly associate those three digits, then one may be at an advantage at
recognizing the missing number in the related subtraction problem 9 - 6 = ? (Royer &
Tronsky, 1998). Similarly, strengthening the participants’ “network” of multiplication
facts could have resulted in facilitated ability to quickly find solutions to related division
fact problems (e.g. 6x3= 18; 18/3 = 6).
Limitations
Insufficient Fluency of Target Component Skills
Research questions addressing issues of transfer posed in this study necessarily
make the assumption that most or all of the participants in the experimental group would
demonstrate near automatic responding on the facts targeted by the intervention. At post¬
test, only one experimental participant achieved fluency criteria on addition facts, and
only three experimental participants achieved fluency criteria on multiplication facts. The
fact that few experimental participants were able to demonstrate minimum mastery levels
at post-test may indicate that they were not sufficiently fluent on addition and
multiplication facts for detectable transfer to other math skills to occur.
Participants may have reached asymptote before mastery for several reasons.
Some participants could have reached their writing speed limit, and it is possible that
these students may have been able to make further progress by giving oral responses. For
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those participants who were still using counting strategies to solve some of the problems,
they could have reached their counting speed limit; however, any participants who were
still using counting procedures after a few weeks were most likely using mental counting
procedures, because no participants were observed to use finger counting.
Statistical Power
Lack of statistical power may have contributed in part to a failure to find
statistically significant differences. Differences between groups for subtraction and
division fact fluency were analyzed using a paired-samples t-test and an independent
samples t-test respectively. Statistical power, or the ability to find a statistically
significant difference when a difference truly exists, is dependent on sample size, effect
size, and the statistical significance criterion (Cohen, 1988). Power was very weak for
paired samples t-tests as well as independent samples t-tests (see Chapter 4). G*Power
estimated that 27 pairs would have been necessary to achieve adequate power (.80) for
paired samples t-tests, and 50 participants in each group (100 total) would have been
necessary for independent samples t-tests. Therefore the small sample size used, and
subsequent lack of statistical power, was an obvious limitation of this study..
Dependent Measures: Sensitivity and Reliability
One reason this study did not detect transfer to multiple digit computation may be
due to the insensitivity of the MBSP and GMADE measures to detect small changes.
Both Van Houten (1980) and Tournaki (2003) sampled a narrow range of computation
skills and problems and their dependent measures were very closely related to the mathtacts targeted by their interventions. Van Houten’s (1980) intervention targeted
multiplication facts and the dependent measures were restricted to multiple digit
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multiplication and division problems (rather than a random assortment of typical gradelevel computation problems across all four operations and including fractions and
decimals). Tournaki's (2003) intervention targeted addition facts with dependent
measures testing transfer effects restricted to problems in which there were three single
digit addends (e.g. 3 + 2 + 5 = ).
In the current study, the intervention targeted two math-fact operations
(multiplication and addition facts) and both the MBSP and GMADE contained an
assortment of grade-level complex computation problems which ranged from basic fact
problems to multiple digit computation problems and problems with fractions, in all four
operations. The MBSP and GMADE were chosen for dependent measures because they
more closely resembled the range of problems students were expected to respond to in
school, thereby increasing generalizability of the results (external validity). It is possible
that the MBSP and GMADE could have sampled too broad a range of computation skills
to detect change.
Similar to the MBSP Computation measure, the MBSP Concepts and
Applications measure was chosen because it contained problems represented by the grade
level curriculum thereby maximizing the generalizability of any gains observed on those
measures. A more sensitive measure would have perhaps been limited to simple, one step
word problems requiring either addition and multiplication fact computations or multiple
digit addition and multiplication fact computations or both.
Another possible reason for lack of evidence of change could be in the MBSP
Concepts and Application’s alternate form reliability. Fuchs, Hamlett, & Fuchs (1999)
reported the alternate form reliability of the probes to be .97. This reliability was obtained
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by computing the correlation between two different means of ten to fifteen alternate
forms. This study planned to use and compare participants’ mean scores on three probes
at pre- and post-test, and due to time constraints, only utilized one probe during pre-test
for students in School A. It is possible that the reliability of the mean of three probes, and
the reliability of just one probe, is much lower than the means of ten to fifteen tests. In
addition, the scoring procedures used in this study may have deviated from the scoring
procedures used by the computer scoring program (see Chapter 3) and this deviation may
also have contributed to compromised reliability.
Finally, in Chapter 3 it was noted that reading fluency requirements of the MBSP
Concepts and Applications probes may have caused this measure to be less sensitive to
changes in mathematics skills for students who were non-fluent readers. Most of the
students participating in this study were reading at benchmark levels of fluency according
to school-wide Oral Reading Fluency testing, but it is still uncertain the degree to which
reading skill was an obstacle in detecting transfer on this measure.
Selection
In this investigation, students and their parents volunteered for participation.
Because they selected themselves, selection was not random, and the sample may not
have been representative of most students and families. The families who volunteered
may have been more eager to participate, more interested in the intervention, and more
invested in their children’s education in general. It is possible that had this intervention
been conducted in schools with randomly selected students, results would have been
different.
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Related to this problem, is the skill level of those who did volunteer. When this
study was proposed, it was originally designed for low performing students (students
performing below the 50lh percentile in mathematics). Although low performing students
and their families did volunteer, so did students performing in the average and high
average range, and the mean skills of the participants were in the average range. It is not
known, therefore, how the intervention used in this study would have interacted with
participants performing below the average range. Previous research has suggested that
drill and practice procedures alone may not be as effective with very low performers as
they are with average learners (Tournaki, 2003). On the other hand, the inclusion of high
performers in this study may have limited findings if those students were already close to
reaching mastery levels of fluency. That is to say there may have been a ceiling effect,
decreasing the extent to which fluency gains in basic facts would be meaningful changes
that could have led to transfer.
Experimenter Bias
In the current investigation, two threats to construct validity are present. The first
is experimenter expectancy or bias. In this study, the experimenter ran the intervention
and did the majority of the testing, and therefore experimenter expectations could have
caused differences between the groups. Two factors minimize the likelihood of this threat
occurring. Students were tested in a group format therefore limiting the chances that the
experimenter could be differentially influencing any participants, and, the study utilized a
no-treatment control group therefore limiting the opportunity for the experimenter to
differentially treat participants in the two groups.
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Interaction
The second threat to construct validity may be an interaction of different
treatments. If one considers the typical fourth grade classroom one-minute timed mathfact tests as a treatment, then it is possible to question whether a combination of the
intervention used in this study and the typical one-minute timed math-fact tests used by
the classroom teachers might have been responsible for observed changes, rather than the
study’s intervention alone.
Implications For Practice
Several implications for practice can be derived from the findings of this
investigation. First, educators seeking to improve math-fact fluency with their students
should not shy away from using short, timed drills and performance feedback with
students in the fourth grade. Some researchers, such as Isaacs and Carroll (1999) have
claimed that speeded drills can be harmful to students. The authors’ claim that using
timed drills as a practice procedure can lead to unintended outcomes including increased
performance anxiety, and that rote memorization of basic facts teaches children that
mathematics is about memorizing facts rather than solving problems. While these
outcomes might occur when timed drills are administered to learners who are in the initial
stages of skill acquisition, most participants in this study indicated no deleterious levels
of anxiety.
Second, timed drill with performance feedback may not be sufficient for all
children to achieve mastery levels. Some students who are using finger-counting methods
may only develop taster finger counting if strategy instruction is not incorporated into the
intervention (Crawtord, 2007). Teaching students intermediate strategies that are more
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efficient than finger counting may not only increase fluency, but also teach students
important mathematical relationships that can be generalized.
Finally, practitioners can also gain insight into the amount of practice necessary to
increase math-fact fluency with fourth grade students. For many participants, it took
about 4 weeks of practice to reach a low asymptote point in one operation (e.g. addition).
In this study, 4 weeks of practice was equivalent to doing 3,200 problems in one
operation. Given fewer types of problems in the drills, participants may have reached a
low asymptote point in less time. It is not known at this time how changes in the practice
schedule would affect amount of practice necessary to reach asymptote or automaticity.
Could completing two timed drills per day (80 problems) cause a change equivalent to
completing four timed drills per day (160 problems)? This is a question future research
can answer.
Future Directions
Results of the current investigation should inform future research in several ways.
At the very least, variations on this study should be conducted such that the identified
limitations of this study are addressed. For example, an identical investigation should be
conducted with a larger sample of participants in order to ensure adequate statistical
power. Also, future investigations should include dependent measures that sample
complex skills more closely related to the math-facts targeted by the intervention to
provide a more sensitive measure of transfer. Once these basic corrections have been
made, future research in the area of math-facts fluency can then address two sets of
issues: prevention versus intervention, and strategy instruction versus rote memorization.
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The first is the issue of preventive activities versus intervention or remedial
activities. The current investigation utilized fourth graders as participants. This grade
level was chosen for several reasons. First, questions of transfer to more complex
computation and application skills could be addressed because by fourth grade, a wide
range of complex skills are taught, including multiple digit computation skills,
computation involving fractions and decimals, and applied math problems. Second,
developing fluency with all four operations of math-facts is a socially valid goal because
facts in all four operations typically are expected to be mastered by the end of fourth
grade (Stein et al., 1997; Clemens et al., 2004; Massachusetts Department of Education,
2000). Third, by fourth grade, more students are likely to have received instruction in
math-facts in all four operations so that basic acquisition and practice for fluency is
appropriate. Fourth, focusing on fourth graders allows investigators to study the effects of
a remedial or intervention program in the classroom.
Conducting a longitudinal study beginning with first and second graders could
provide information about the long term benefits of increasing students’ math-facts
fluency in the early grades. This type of study need not be limited to lower grade levels.
It would be useful to study the long term impact of training math-fact fluency to mastery
levels for low performing students at any grade level to examine the role of automaticity
of simple cognitive operations (retrieving math-facts from memory) in solving math
problems that require more complex cognitive operations. This type of longitudinal study
was suggested by Tronsky and Royer (2003), and tested in part by Singer-Dudek & Greer
(2005).

127

Other questions involve strategy instruction versus rote memorization.
Researchers such as Isaacs and Carroll (1999) caution against the sole use of rote
memorization and timed drills to increase math-fact fluency, warning these procedures
may even be harmful to students’ mathematical understanding. They argue that strategy
instruction is essential to increasing both fluency and mathematical understanding.
Research to study the relative effects of two types of intervention on participants’
complex mathematics skill performance might include a timed drill procedure with
performance feedback that includes strategy instruction, and a timed drill procedure with
performance feedback alone (similar to Toumaki, 2003). The two interventions would
have to be matched on number of trials or learn-units in order to rule out effects of
differential amounts of practice (Singer-Dudek & Greer, 2005).
Summary and Conclusions
This experimental investigation was undertaken to address the relative lack of
experimental information educators and researchers have regarding the acquisition of
basic skills in mathematics. We simply do not know enough about effective teaching
strategies when it comes to prevention or remediation of low mathematics achievement
(Fuchs et al., 2005; Fuchs & Fuchs, 2001). This information is important given the
evidence that U.S. students consistently perform lower than students in other
industrialized countries on standardized achievement measures, and the realization that
math literacy is increasingly important to our citizens as the role played by technology in
our lives increases.
Slow and inefficient math-fact performance is now considered a hallmark of lowperforming students in mathematics and students with learning disabilities in the area of
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mathematics (Gersten et al., 2005; Robinson et al., 2002). Some researchers speculate
that differences in math-fact retrieval speed may account for consistent and puzzling
differences in higher-level mathematics test performance between high performing males
and females (Royer et al., 1999). To date, there has been very little experimental research
conducted to investigate whether a causal relationship exists between basic math-fact
speed and accuracy and fluency with other, more complex mathematics tasks. The work
presented in this dissertation replicated and extended findings from previous studies
investigating transfer effects. Efforts were partially successful, with data indicating the
possible transfer of improved performance from targeted facts (addition and
multiplication) to non-targeted facts (subtraction and division). Results did not find
evidence of transfer to more complex, multiple-digit computation and applied math skills.
As research in the area of mathematics skill development, intervention and
prevention is in its infancy, there remains much work to be done. It is hoped that the
work presented in this dissertation will inspire other applied experimental studies in the
future to clarify the role of math-fact fluency in facilitating students’ mathematical
achievement.
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APPENDIX A
CONSENT FORMS

STUDENT CONSENT FOR VOLUNTARY PARTICIPATION
To be read to student
You have been invited to participate in a research project designed by Kristin
Ezbicki and other people at the University of Massachusetts, Amherst. A research project
is a project where someone asks an important question and tries to answer that question.
Should you decide to participate, you and other participating students will help to answer
that question.

What is this project about and why is it being done?
So far in school, you have been taught how to do many kinds of problems in
math. Some problems are called “math-facts.” Math-facts are 1 digit by 1 digit

problems with an equal sign like these...
9+3 =
8-4 =
8x5 =

You have also been taught more difficult kinds of problems with many digits and
procedures, like these...
345
+ 499

35
x_8_

If Martin has 4 boxes, and each box has 7
cookies, how many cookies does Martin
have altogether?

Past research projects have shown that students who can answer math-fact
problems quickly and accurately (correctly) tend to do better at answering more difficult
math problems. Being able to do something both quickly and accurately is called
automaticity or fluency.
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This research project is will find out if helping students get faster and more
accurate at answering math-fact problems will also help them get better at answering
more difficult math problems: problems with many digits, and word problems.

Project schedule
The steps in participation are as follows (please see attached participation
schedule):
1. You will take a set of math tests and a reading test. Some of the math tests are short
and some are longer. These tests contain a mix of mathematics problems: some of which
you will know how to answer, and some of which you will not know how to answer. You
will take the tests with a group of other students who are also participating.
2. Then, you and your parent / guardian will be selected either to participate in the project
activities immediately (Block 1) or after two months (Block 2).
3. Ms. Ezbicki will teach you and your parent / guardian how to do the practice activities.
You will learn how to practice writing answers to math-fact problems and graph your
time and accuracy (number of correct answers).
4. You will do the project activities once per day, five days a week, for eight weeks. Each
daily practice session should take about 15 minutes or less. The more you improve, the
faster it will be each day!
5. Each week, you and your parent / guardian will meet with Ms. Ezbicki at the school in
order to turn in completed charts and pick from a grab bag containing money amounts
ranging from 25 cents to 5 dollars.
6. If you finish the project, you will earn a gift certificate to the local mall.
7. You will be given another set of mathematics tests. Your performance on these math
tests will be shared with your teacher so that your teacher can learn what to teach you
next.
8. If you and parent / guardian were selected to participate after two months (Block 2),
you will be given tests at the same time as other participants, but you will not be trained
and given materials until the other participants have completed the activities.
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Potential Benefits and Risks
Benefits are ways in which the project may be helpful and enjoyable for you.
Risks are ways in which the project may not be helpful or may make you feel
uncomfortable.
Benefits of participating in this project may include answering math-fact
problems really fast and accurately, answering more difficult math problems more
accurately (getting better at math), and earning a gift certificate for participating.
There aren’t many risks of participating in this project, but a few possible risks
are: your teachers may notice your improvement in mathematics and may guess that you
have participated in this project, and you and your parent / guardian may not agree about
when and where to do the daily practice activities. In order to make your participation in
this project as private as you want (confidential), you and your parent / guardian will be
able to choose whether to share your math test results with your teacher. To help you and
your parent / guardian agree about when and where to do the practice activities, you will
be able to help plan where and when to do the activities.

132

I volunteer to participate in this research study and understand that:
1.

I may be selected to begin intervention now (Block 1) or after eight weeks (Block

2).
2.
3.

4.
5.
6.
7.

8.

9.

My school records will be reviewed. In addition, I will participate in mathematics
and reading testing before and after the 8 weeks of project activities.
I will participate in a training session with my parent / guardian (about 1 hour). I
will participate in the practice activities five days per week, for 10-15 minutes per
day, for eight weeks.
All materials necessary for the intervention will be provided free of charge.
I may withdraw from participating in this study at any time.
I am free to participate or not to participate without prejudice.
Results of this study will be included in Kristin Ezbicki’s doctoral dissertation
(report) and may also be included in papers submitted to professional journals for
publication.
I understand that my name will not be used, nor will I or my family be identified
personally in any way or at any time in the analysis of results, written doctoral
dissertation, oral presentation, and any papers submitted for publication.
I will receive a summary of the results by mail.

Researcher’s Signature

Participant’s Signature

Date
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PARENT / GUARDIAN CONSENT FOR VOLUNTARY PARTICIPATION
To be read to parent
You and your child have been invited to participate in a research project studying
the effects of improving the speed and accuracy of math-fact performance on overall
mathematics proficiency. This project is intended to serve as Kristin Ezbicki’s
dissertation research in order to fulfill the requirements of the University of
Massachusetts School Psychology Doctoral Program. All aspects of the research project
are being closely supervised by a faculty committee chaired by Gary Stoner, Ph.D.

Background Information
Typically by the end of fourth grade, students are expected to have mastered
math-facts in all four operations: addition, subtraction, multiplication, and division.
Math-facts are computation problems involving single digit numbers (e.g. 9 + 3 =
8-4=

;8x5=

;

). While in school, students are also taught other, more complex

mathematics skills that depend on quick and accurate math-fact performance.
Researchers have found that most students who are proficient in mathematics are able to
solve basic math-fact problems quickly, accurately, and effortlessly. Performing skills
with both accuracy and speed is known as automaticity or fluency. It is also often noted
by teachers and educational researchers that many students who experience difficulty
with grade-level mathematics have not yet mastered their math-facts.

Research therefore has demonstrated a strong relationship between math-fact
automaticity and overall mathematics proficiency. What research has not reliably
answered is whether or not improving students’ math-fact automaticity (speed and
accuracy) will have a noticeable, positive effect on more complex problem solving skills
(grade level problems such as 346 + 567 =
or 35 x 9 =
;or a word problem
requiring computation skills). Two previous studies have found that improvement on the
speed and accuracy of one set of math-facts (addition or multiplication) lead to
improvements on other computation skills.
This research is being conducted to add to the results of previous studies and
answer two primary questions. Do students, who improve the speed and accuracy (also
known as automaticity or fluency) of their math-facts, also make gains on more complex
computation problems (multiple digit problems)? Do these students also make gains on
applied mathematics problems (problems involving stories or problem situations, “word
problems, ” for example)?

134

Project schedule
The steps in participation are as follows (please see attached participation
schedule):
1. Your child will be administered a set of tests consisting of a comprehensive
mathematics achievement test, and three short additional mathematics skills tests. These
tests contain a mix of mathematics problems: some of which your child will know how to
solve, and some of which your child will not know how to solve. After the project is over,
testing results will be released to your child’s teacher in order to inform instruction. Your
child will take the test with a group of other students who are also partipating. Testing
will most likely occur over two days and there will be breaks between sections of the
tests.
2. You and your child will be selected either to participate in the
intervention immediately (Block 1) or after approximately two months (Block 2).
3. You and your child will receive approximately one hour of training and all necessary
materials to begin the intervention.
4. The intervention consists of the following: Once per day, for five days a week, for
eight weeks, your child will write answers to math-fact problems as quickly and as
accurately as he / she can. You will help by timing your child with a stopwatch, and
keeping track of your child’s time and accuracy on a graph and chart.
5. Each week, you will meet with Ms. Ezbicki at the school in order to turn in completed
charts and pick from a grab bag containing money amounts ranging from 25 cents to 5
dollars. On weeks when it is impossible to meet at the school, you can mail completed
papers back to the researcher in a self addressed stamped envelope and save your grab
bag pick for the next meeting.
6. All participating families who complete the project are awarded with a gift certificate
to the local mall. In addition, all participating families who complete the project will
receive a short report with their child’s math test scores and recommendations.
7. After the 8 week intervention period, your child will be administered a second set of
mathematics tests, similar to the first set.
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Potential Benefits and Risks
Potential benefits of participating in the project include your child's improved
accuracy and facility with basic number combinations (an essential mathematics skill),
the potential for improved facility with other, more difficult mathematical problems, and
the opportunity for your child to earn a gift certificate for participation. Students who
have participated in this intervention in the past tend to find it highly motivating.

I
In addition, all studies carry some risk to participants. Risks involved with
participating in this project are minimal, but may include the following: (1) the potential
loss of confidentiality if teachers notice your child’s improvement in mathematics, and
when testing results are released to your child’s teacher (2) the potential for conflict
between you and your child when participating in the activities.
To protect you from loss of confidentiality, only post test results will be shared.
and families who object to sharing their child’s test results with their teacher may request
those results kept confidential. In addition, information about your participation in the
project, and your child’s improvement during the project will not be shared with your
child’s teacher - only mathematics post testing results. To minimize the potential for
conflict between you and your child, the intervention has been designed to be highly
structured, brief, and rewarding for your child. Because students and parents are trained
together, students will be able to help plan where and when to do the activities. In
addition, Kristin Ezbicki will be available by phone, email, or in person, to help solve any
problems that arise or to adjust the activities if necessary.
'ii
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I volunteer to participate in this research study and understand that:
1. I may be selected to begin intervention now (Block 1), or after eight weeks (Block

2).
2. My child's school records will be reviewed, in order to determine my child’s
eligibility for this study (past mathematics performance and IEP status). In addition,
my child will participate in mathematics testing before and after the intervention.
3. My child and I will participate in a training session (approximately 1 hour). My
child and I will engage in this intervention five days per week, for approximately 15
minutes or less per day, for eight weeks.
4. All materials necessary for the intervention will be provided free of charge.
5. I may withdraw from participating of this study at any time.
6. I am free to participate or not to participate without prejudice.
7. Results of this study will be included in Kristin Ezbicki’s doctoral dissertation and
may also be included in manuscripts submitted to professional journals for
publication.
8. I understand that my name and my child’s name will not be used, nor will I or my
child be identified personally in any way or at any time in the analysis of results,
written doctoral dissertation, oral defense, and any manuscripts submitted for
publication.
9. I will receive a summary of the results by mail.

Researcher’s Signature

Date

Participant’s Signature
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APPENDIX B
ADMINISTRATION INSTRUCTIONS FOR FLUENCY TESTS

Math-fact Fluency probes (three 2 minute probes)
You are going to take a timed test. You will have two minutes to complete each test.
We re going to take the test three times. Here’s how you take this test. You start here
(demonstrate) and work across the page. Try your best on each problem. If you come to a
problem you really don’t know how to do, you may skip that problem. But only skip a
problem if you really really don’t know how to do it. I will start and stop each test.

Monitoring Basic Skills Progress (MBSP) Basic Math Computation
(four 3 minute probes; Fuchs, Hamlett, & Fuchs, 1998; 1999)
You are going to take a timed test. You will have three minutes to complete each test.
We're going to do the test four times. When you take the test, remember, you need to use
your time wisely. Make sure you don’t waste time on problems that are too hard.
Here’s how you take this test. You start right here. (Point to top left problem on test.)
Move across each row from left to right. (Demonstrate) When you come to a problem
that’s easy for you, do it right away. When you come to a problem that’s hard, skip it.
Move to on to the next one. When you've looked at the whole test and finished the
problems that are easy, go back to the beginning (point to top left problem) and try the
harder ones. Complete each problem as quickly and as accurately as possible. I will start
and stop each test.
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Monitoring Basic Skills Progress (MBSP) Concepts and Applications
(three 6 minute probes)
Each test has three pages. You will have six minutes to complete each test. We’re going
to do the test three times. You may not know how to do some of the problems. That's
OK. You need to use your time wisely. Make sure you don’t waste time on problems that
are too hard. Here’s how you take this test. You start here. Move down the first column.
When you come to a problem that’s easy for you, do it right away. When you finish the
first column, move on to the second column. Then move on to the second page, and then
the third page. Complete each problem as quickly and as accurately as possible. When
you’ve looked at the whole test and finished the problems that are easy, go back to the
beginning and try the harder ones. Most of the time you write your answer in the blank.
Sometimes there is a multiple choice. When it’s multiple choice, right the letter of your
answer in the blank. I will start and stop each test.
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APPENDIX C
INTERVENTION ACCEPTABILITY MEASURES
Student Post-Intervention Acceptability
_

Participant Number:

For each item, please circle the number that best tells what you think about the
intervention
No
Disagree

Somewhat
So-So

Yes
Agree

The math-fact practice...
1. was easy for me to stick with?

1

2

3

4

5

6

7

2. took too much time?

1

2

3

4

5

6

7

3. taught me important skills?

1

2

3

4

5

6

7

4. was fun to do?

1

0

3

4

5

6

7

5. was easy for me to do with my family?

1

2

3

4

5

6

7

6. helped me feel better about myself?

1

2

3

4

5

6

7

7. caused arguments between myself
and my parent / guardian?

1

2

3

4

5

6

7

8. will help me do better in math class?

1

2

3

4

5

6

7

9. was easy to make time for?

1

2

3

4

5

6

7

10. quickly improved my skills?

1

2

3

4

5

6

7

12. caused me discomfort?

1

2

3

4

5

6

7

13. was too difficult for me?

1

jL

1

3

4

5

6

7

Please write responses to the following questions:

1. What did you like about this program?

2. What did you not like about this program?

3. Would you do this kind of program again in the future (even if you did not get
prizes)?

4. Do you think this program helped you to do better in your math class in school?

5. If you feel like you have done better, what specifically have you gotten better at?
If you feel you haven't done better, what do you think would help you get better
at math?

Thank you for participating!
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Parent Post-Intervention Acceptability
Participant Number:

For each item, please circle the number that most closely represents your opinion about
the intervention
Strongly
Disagree

Neutral
50/50

Strongly
Agree

The math-fact practice...
1. was easy for my child to stick with?

1

2

3

4

5

6

7

2. required too much time?

1

2

3

4

5

6

7

3. taught important skills?

1

2

3

4

5

6

7

4. was suitable for my child?

1

2

3

4

5

6

7

5. was easy for me to assist with at home?

1

2

3

4

5

6

7

6. improved my child's self confidence?

1

2

3

4

5

6

7

7. caused conflict between myself
and my child?

1

2

3

4

5

6

7

8. will have lasting positive effects?

1

2

3

4

5

6

7

9. was within my skill level?

1

2

3

4

5

6

7

10. was easy to make time for?

1

2

3

4

5

6

7

11. quickly improved my child’s skill?

1

2

3

4

5

6

7

12. caused my child some discomfort?

1

2

3

4

5

6

7

13. was acceptable in our home?

1

2

3

4

5

6

7

Please write responses to the following questions:
1.

What did you like about this program?
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2. What was difficult about doing this program or what did you not like about the
program?

3. Would you do this again in the future (even if you were not compensated with
prize money) ?

4. Have you noticed any improvement in your child’s classroom math skills (as seen
on classroom tests, quizzes, unit tests, homework, teacher comments, child’s
comments, etc.)

5. Are there any recommendations you can think of that would change the program
in a way that would make it easier for you and your child to do, or more
enjoyable?

Thank-you for participating!
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APPENDIX D
INTERVENTION MATERIALS
•

Stopwatch

•

Pencils

•

Weekly chart

•

Accuracy graph

•

Time graph

•

Practice pages A-Z

•

Answer keys to practice pages A-Z

•

Errors to percent accurate conversion chart
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APPENDIX E
CONVERSION CHART, WEEKLY CHART, GRAPHS
Conversion Chart
NUMBER OF ERRORS TO PERCENT ACCURATE
Accuracy
100%
98%
95%
93%
90%
88%
85%
83%
80%
78%
75%
73%
70%

Errors
0
1
2
3
4
5
6
7
8
9
10
11
12

> Are there facts your child keeps missing? Target those tricky facts with
flashcard practice at the end of your timed practice trials.
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Math-Fact Fluency Weekly Chart

WEEK 1

Skill:___

Student name: _

Parent / guardian: Please complete the following chart.

Day 1

date:

Trial A
Time:
Accuracy:

Trial B
Time:
Accuracy:

Trial C
Time:
Accuracy:

Trial D
Time:
Accuracy:

Now graph time and accuracy
Day 2

date:

Trial A
Time:
Accuracy:

!»
III
Trial B
Time:
Accuracy:

Trial C
Time:
Accuracy:

Trial D
Time:
Accuracy:

:!l

ill

n
)
'It

Now graph time and accuracy
Day 3

it-

date:

,

l»
IM

Trial A
Time:
Accuracy:

Trial B
Time:
Accuracy:

Trial C
Time:
Accuracy:

Trial D
Time:
Accuracy:

Now graph time and accuracy
Day 4

date:

Trial A
Time:
Accuracy:_

Trial B
Time:
Accuracy:_

Trial C
Time:
Accuracy:_

Trial D
Time:
Accuracy:

Now graph time and accuracy
Day 5
Trial A
Time:
Accuracy:

date:
Trial B
Time:
Accuracy:

Trial C
Time:
Accuracy:

Trial D
Time:
Accuracy:

Now’ graph time and accuracy

CONGRATULATIONS, YOU HAVE EARNED A PICK FROM THE GRAB BAG!
PLEASE RETURN THIS COMPLETED CHART TO KRISTIN EZBICKI
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Example of the Accuracy Graph:

Math-Facts Accuracy Graph
Skill:_Name:

Accuracy
100%
95%
90%
85%
80%
75%
70%
65%
60%
55%
50%
45%
40%
35%
30%
25%
20%
15%

Day
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Example of a Time Graph including times from 40 seconds to 1 minute 30 seconds:

Math-Facts Time Graph
Skill:__Name:
Time
V
30"

V
25"

r
20

"

V
15"

r
10"

V
05"

V
00

"

O'
55"

O'
50"

O'
45"

O’
40

"

O'
35"

O'
30"
0'
25"
O'
20
O'
15"
0’
10"
"

Day
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APPENDIX F
MATH-FACT COMPUTATION STRATEGIES

•

9’s strategy for addition #1: If you have a number plus nine, first take the number
that is not nine and subtract one. Write the result down. Then write a “1” in front
of that result. Example: 6 + 9 = ?

Think “6-1 = 5”.

Write 5. Write a “1” in

front of the 5. Answer: 15.
•

9’s strategy for addition #2: The more mathematical strategy is to add 10 and then
subtract 1 from that sum; however, very few students had automatized +10.

•

Double plus 1: If you know your doubles, then you can figure out other
problems. The following problems are “doubles plus 1” problems: 2 + 3; 3 + 4; 4
+ 5; 5 + 6; 6 + 7; 7 + 8; 8 + 9. Example: When you see 2 + 3, think “2 + 2 = 4”,
“4 + 1 = 5.”

•

9’s strategy for multiplication: If you have a number multiplied by 9, first take the
number that is not nine and subtract one. Write the result down. Then think “what
number added to the result equals 9?” Write that result down after your first
result. Example: 6x9 = 7

Think “6-1 = 5” Write down 5. Think “what number

added to 5 equals 9? Answer: 4.” Write down 4 to the right of the 5. Answer: 54.
Digits in the multiples of 9 should add up to 9.
•

Derived facts using squares (similar to the doubles plus 1 addition strategy):
Many students learn squares easily because they are distinctive (e.g. 2 x 2; 3 x 3;
4x4, etc.). If a student knows his / her squares automatically, the student can try
using these to derive answers to unknown problems (similar to “doubles plus 1”
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strategy in addition). Example: 6x7 = ? Think “6x6 = 36. Add one more 6.” “36
+ 6 = 42.” Answer: 42.
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APPENDIX G
PARTICIPANT GRAPHS AND DISCUSSION OF INDIVIDUAL RESPONSE TO
INTERVENTION
As described in Chapter 3, participating families were required to complete four,
40-problem timed trials per day, 5 days per week, for 8 weeks. Families were required to
record the student’s time and accuracy for every trial, on both a chart and a graph. This
researcher collected data during weekly meetings and entered that data into a spreadsheet
and graph using Excel. The average time for each day was graphed (the average of four,
forty-problem trials) in order to increase reliability of each data point. In most cases,
accuracy data were not graphed by this examiner as the majority of participants were
performing at 98% and 100% accuracy consistently within a few days of starting the
intervention. Only two participants in the experimental group struggled to perform at a
consistently high accuracy, and their accuracy scores would vary from 88% to 100%
accurate. For these students, accuracy was maintained at 98% or 100% only after
accuracy goals were established with the promise of an extra pick from the grab bag for
maintaining high accuracy. As this was not the case for the majority of students,
improvement in accuracy will not be analyzed (as there was already near perfect
performance from very early on in the intervention).
Since participants in the control group also participated in the intervention (after
post-testing), this researcher continued to collect intervention data from those
participants. Complete graphs were maintained for 20 out of the 22 participants (10 in the
experimental and 10 in the control group). Most of the graphs illustrated a power function
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trend in improvement, described as the “power law” of learning described by Haberlandt
(1999). This curve indicated that participants improved at a faster rate at the beginning of
the practice, and then as time went on, improvements were made at slower rates. In
essence, as number of practice days increased, it became more difficult for students to
improve on their performance. Figures G.l, G.2, and G.3 illustrate three different
experimental group participants’ intervention data.
The vertical line in the middle of the graph of Participant A’s data (Figure G.l)
separates addition practice data (on the left) from multiplication practice data (on the
right). Participating students always started with addition. Participants switched to
multiplication once they either were performing 40 problems reliably between 40 and 60
seconds, or they ceased to improve on their performance for approximately 3-5 days
(reached a low asymptote point). Performing at the rate of 40 problems per 60 seconds or
less was labeled the “mastery zone” and indicated automaticity (see Chapter 2 for
rationale).
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Fisure G.l
Participant A’s Daily Average Time to Complete 40 Problems. Addition: Days 1-20;
Multiplication: Days 21-40.
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Participant A practiced addition facts for the first four weeks. Because her
performance reached a clear point at which she was no longer making much
improvement for several days (asymptote), she switched to multiplication facts. As can
be seen from Participant A’s graph, a similar response pattern emerges for both addition
and multiplication fact practice. More variability in the multiplication practice data may
be explained by school vacations that interrupted daily practice, or waning motivation or
focus.
It is notable that although Participant A made great improvement both in addition
and multiplication fact speed, her performance reached asymptote before she reached the
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mastery / automaticity zone. The main reason for switching skills at asymptote was to
maintain student motivation. Before switching, every effort was made to improve the
student s time (either by targeting weak facts with flashcards, and encouraging retrieval
instead of other strategies). Some students may have reached asymptote because they
could not physically write answers to problems any faster.
Figure G.2 contains the intervention data for Participant B, who was able to reach
the mastery / automaticity zone (40 problems in between 40 - 60 seconds) in addition
facts after five weeks. In this case, this examiner did not wait for her performance to
reach the point at which it no longer improved after several days, but moved her on to
multiplication in order to leave ample time for multiplication practice.
Figure G.2.
Participant B’s Daily Average Time to Complete 40 Problems. Addition: Days 1-25;
Multiplication: Days 26-40

Day
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♦ Daily Average

Participant C’s performance, illustrated in Figure G.3, is by far the clearest
example of the effects of the intervention on fact speed. This participant practiced
addition for the first 12 days and then decided independently to switch to multiplication.
Due to the pre-maturity of the change to multiplication facts, however, she switched back
to practicing addition facts after 4 days. The participant then practiced addition for the
next 9 days, until performance was reliably within the mastery / automaticity zone, at
which point, she continued with multiplication until the end of the intervention period.
The order of the addition and multiplication practice was accidental in this case. The
direct effect of the intervention (daily timed practice) on the speed of this participant’s
addition and multiplication fact performance can clearly be seen as the second addition
phase starts at approximately the same time as the end of the first addition phase, and
likewise for multiplication - as if no time had passed. Not only does this speak to the tie
between daily practice and performance speed, but it speaks to the issue of retention.
Clearly, gains made in the first phase of addition were retained after four days of
multiplication practice; and gains made in the first phase of multiplication were retained
after nine days of addition. There is also little evidence of interference for this participant
(i.e. practicing addition facts did not seem to interfere with or set back multiplication fact
performance).
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Figure G.3
Participant C's Daily Average Time to Complete 40 problems. Addition: days 1-12;
Multiplication: days 13-16; Addition: days 17-25; Multiplication: days 26-40.
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On average, participants practiced addition facts for 4-5 weeks, and multiplication
facts for 2-4 weeks. Two participants in the experimental group did not work on
multiplication at all. One participant had dropped out before multiplication could begin.
The other participant continued to make progress in both accuracy and speed in addition
for the full 8 weeks, and did not know enough multiplication facts to engage in timed
drills. One student in the experimental group reached a low asymptote in the mastery
zone for both addition and multiplication in 30 days and was not required to complete all
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8 weeks of the intervention. Graphs for the remaining 8 students in the experimental
group are shown below in Figures G.4 through G.l 1.

Figure G.4
Participant D’s Daily Average Time to Complete 40 problems.
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Figure G.5
Participant E s Daily Average Time to Complete 40 problems. This participant reached
mastery for both operations and completed the intervention in 30 days.
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Figure G.6
Participant F’s Daily Average Time to Complete 40 problems.
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Figure G.7
Participant G’s Daily Average Time to Complete 40 problems.

Multiplication Facts

Addition Facts
180
170
160
150
140
w
■o
c
o
u
<D
V)

130

01
E
i-

100

120

-

-

110

♦ ♦

90

♦

80

♦

♦

70

♦♦♦♦♦♦

60

♦ t ♦

50
40

♦

♦ ^ ♦

*
^

*

*♦♦♦♦*♦♦♦♦
♦_

♦ ♦

♦

-1-1-1-1-1-1-1-T—---1-1-1-1- —i-1-1-1-1-1-1

0

2

4

6

8

10

12

14

16

18

20

22

24

Day

26

28

30

32

34

36

38

♦ Daily Average

Figure G.8
Participant H’s Daily Average Time to Complete 40 problems.
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Figure G.9
Participant I s Daily Average Time to Complete 40 problems. This participant made
gradual improvement in addition over 7 weeks and did not know many multiplication
facts, so addition was continued through the 8th week.
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Figure G.10
Participant J’s Daily Average Time to Complete 40 problems.
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Figure G.l 1
Participant K s Daily Average Time to Complete 40 problems. This participant quit the
intervention after 15 days due to increased anxiety.
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With regards to the issue of reaching the mastery / automaticity zone, 50% of the
participants in the experimental group reached the mastery zone for addition facts and
40% of the students in the experimental group reached the mastery / automaticity zone
for multiplication facts. Most other students typically reached a low asymptote point
before reaching the mastery zone. Although approximately half of the students were
unable to reach the mastery zone, most students made substantial improvements in their
speed. Table G.l contains the mean start time for addition and multiplication, as well as
the mean lowest time reached by participants. Data for this table was obtained from
participants in both the experimental and control group in order to maximize information
about the students’ response to the intervention. As indicated in Table G.l, participants
were able to, on average, decrease their time to complete 40 addition times by one
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minute, and time to complete 40 multiplication problems by close to one minute and a
half. Some students decreased their time by close to two minutes.

Table G.l
Descriptive Statistics For Start Times and Lowest Times

N

Minimum Time

Maximum Time

Mean Time

(Seconds)

(Seconds)

(Seconds)

Addition Start Time

20

72

196

130.30

Lowest Time Reached

20

42

118

64.95

20

23

115

65.35

16

83

349

150.50

16

37

129

66.50

16

32

220

84.00

Addition
Number of Seconds
Lost Between Start
Time and Lowest
Time (Addition)
Multiplication Start
Time
Lowest Time Reached
Multiplication
Number of Seconds
Lost Between Start
Time and Lowest
Time (Multiplication)
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